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FISTERA (‘Foresight on Information Society Technologies (IST) in the European Research Area’) is
a thematic network. It was launched by DG Information Society to support the creation of a European
Research Area (ERA) in IST by providing new elements for the deﬁnition of a European vision and approach
in the ﬁeld. The network aims to understand the key factors driving IST in a future Europe. FISTERA reviews
the current literature and carries out its own research on a range of IST issues in order to feed the discussion
on gaps and paths towards the Lisbon Objectives (2010) and beyond. One of its main aims is to elaborate
options on how to strengthen Europe’s position in crucial IST areas.
The analysis of Information Society development presented in this report distinguishes between
“Information Society Technologies” (IST) and “Information and Communication Technologies” (ICT). The
term “IST” refers mainly to the societal reality of these technologies, whereas the term “ICT” refers to their
production, services and industrial sector.
FISTERA starts by identifying and understanding trends, drivers and challenges - more generally
speaking, key factors - which will inﬂuence future IST development and deployment. Europe’s position is
then discussed with regard to these “inﬂuencing factors”, in order to answer questions like: What are the
elements of Europe’s strengths and weaknesses in ICT as compared to its global competitors? What are the
opportunities, threats and challenges for Europe? What should be done to improve Europe’s situation?

A Common Ground for a European Research Area in ICT
FISTERA analysed national foresight studies from eight EU Member States1 with a view to understanding
the commonalities and differences in their visions for ICT. However, national foresight reports generally do
not provide the same degree of granularity when discussing technology, and scenarios resulting from the
foresight process are often not particularly technology-speciﬁc.
With regard to the European dimension, it has to be said that these studies mainly restrict themselves
to identifying subjects worthy of support at national level. They seldom address trans-national cooperation.
In some cases, the European dimension is present only as part of the national SWOT analysis. This is
astonishing for an area such as IST, where the challenges of playing a global role are usually too great for
any single country to tackle.
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Methodology Employed
In methodological terms, FISTERA relied mostly on established foresight methods and tools, which can
be used without major teething problems. However, some of the tools had to be adapted to ﬁt FISTERA’s
needs. For instance, the well-established Delphi methodology was replaced by an online system in order
to allow inexpensive pan-European application. Other tools, like the multi-level concept of Technology
Trajectories and the corresponding matching of patent classiﬁcations, were conceived from scratch.
In thematic terms, it was necessary to focus the forward-looking analysis in FISTERA on particular
aspects, where the project was likely to contribute new insights to the current debates on the future of

1

Austria (AT), Germany (DE), France (FR), the Czech Republic (CZ), Hungary (HU), Spain (ES), Sweden (SE) and the United
Kingdom (UK)
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IST. For this reason, (macro-)economic factors of importance to ISTs, probably one of the most intensely
investigated areas of economic research, have only been touched upon as far as is necessary to complement
the other key dimensions. The tools used to analyse the technological, social, economic and political
factors are summarized in Table 1
Table 1: Foresight tools by key factors.
Strengths and weaknesses

Opportunities, threats and challenges

Bibliometric analysis of patents, publications

Technology-related and secondary sources (such as R&D funding), Analysis of technology trajectories and
disruptions, assessments included in national
assessments included in national foresight
factors
foresight studies
studies.

Economic and
political factors

Information from national Foresights and Online Delphi and targeted workshops, information
literature
from national foresights and literature

Socio-related
factors

Information gathering from literature search Scenario-building exercises and workshops and
and online-delphi
online–delphi

S&T-based
competitiveness

Information gathering through desk research
Scenario-building exercises and workshops
and check by interviews; online-Delphi

FISTERA combines a number of foresight tools and sources to elaborate on Europe’s strengths and weaknesses as they appear today
(central column). The threats and challenges should be perceived from a point of view of achieving the ‘Lisbon 2010 Objective’ (and
beyond). For sake of simplicity, the table indicates the principal sources only.

Technology Trajectories and ‘Functionalities’
FISTERA developed a novel approach to monitoring technological progress and performing ICT
foresight, which can be called Technology Trajectories (TT). The concept investigates technology clusters
from the point of view of what they offer - i.e. their functionality, or what a particular technology does
(or could do, when applied in a societal context). One technology can provide different functions, and a
range of technologies can compete to offer the same functionality. Each functionality determines which
applications can be constructed and offered in different environments (at home, on the road, at work, etc.).
The TT concept links technologies to functionalities to applications to environments, allowing a top-down
(from environments to technologies) and a bottom-up (from technologies to environments) analysis. All
Technology Trajectories have been based on intensive discussions with many experts in the ﬁeld. Deﬁning
the appropriate functionalities is critical. All information has been input into a dynamic online technology
database, which provides a picture of the state of the art and the perspectives for 2010 and 2020.
The Technology Trajectories database currently has 87 technologies, functionalities and a large number
of applications in different environments. So far, ten functionalities have been selected for a TT analysis.
These comprise ‘storage’, ‘processing’, ‘visualization’, ‘retrieval’, and ‘printing’ of information, as well as
‘data capturing’, ‘communication’, ‘human-machine interfaces’ and ‘pin-pointing’. These 10 trajectories
have been analysed with respect to recent national foresight studies by eight EU Member States.2 While ‘data
capture’ or ‘information retrieval’ are hardly mentioned, technologies related to improved ‘communications’,
‘increased bandwidth’ or ‘providing improved or novel human-machine interfaces’ stand out in most national
foresight exercises. In the latter case, this is an indicator for consensus on promising ICT domains.

8
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The eight Foresight studies: Austria – Delphi Austria (AT), Czech Republic – Technology Foresight 2002 (CZ), France –
Technologies Clés 2005 (FR), Germany – “Futur” – The German Research Dialogue (DE), Hungary – Hungarian Foresight
Program (HU), Spain – Technological Foresight Programme (OPTI) (ES), Sweden – The Foresighted Society (SE), United Kingdom
– Second UK Foresight Cycle (UK)

Similarly, FISTERA studied current and future IST applications areas and concluded that major
application areas for IST are likely to expand around healthcare, education, transport and governmental
services. This is supported by most national Foresight studies (see Figure 1). Health care and applications
for older people, for example, are increasingly high on the political agenda. Health insurance and
healthcare systems in many EU Member States are faced with cost and efﬁciency problems, to which IST
can offer signiﬁcant solutions. Populations in practically all European countries are ageing, and this has
drawn attention to the potential of IST for helping older people to remain independent. However, there is
a need to design IST speciﬁcally for older users.
The boundaries between previously separated spheres of daily life, such as work and leisure, and
leisure and learning, are vanishing with the emergence of “infotainment” as a separate category at the
interface between information and entertainment. New working relationships, such as “virtual” companies,
are still being discussed in some foresight studies as a means of enhancing the competitiveness of the small
and medium-sized companies which dominate many European economies. However, FISTERA reveals
that work-related topics have recently lost momentum in public discussion, though conclusions should
not be drawn from this too quickly. For example, it was predicted that teleworking would take off more
than ﬁfteen years ago, though it is only now –in times of increasing globalisation of the economy – that
favourable conditions for teleworking on a grand scale may emerge.

Figure 1: IST Application Environments.
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IST Applications

Agriculture
CZ, HU

Government
SE

Public
Application domains are clustered around 10 categories (Health, Agriculture, Domotics,3 etc.). The above ﬁgure indicates which
of the eight Member States national foresight studies (AT, CZ, DE, HU, SE, UK, FR and ES) cites the respective category. Learning,
Healthcare, Entertainment and Transport are the areas where there is most agreement that their importance is growing, at a time
when the boundaries between private, civil and work environments are starting to vanish.

3

‘Domotics’ or ‘Home automation’ refers to automating tasks in the home that you would otherwise do manually. The word
domotics is a contraction of the words domus (Latin for home) and automatic.
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Until recently, foresight studies treated security as an aspect of individual technologies, e.g. security
of IT from virus attacks, security of the food chain from diseases like BSE, security from natural disasters
like ﬂooding, etc. This explains why it was not often mentioned in national foresight studies (see Figure 1).
After the terrorist attacks of 11th September 2001, prospects have changed and ‘fear’ has entered the “the
spirit of our age”4 as an important factor driving the development of ICT.5

Perception of Europe’s Strengths
FISTERA aimed to understand the perception of Europe’s technological strengths and weaknesses in
ICT. In order to do this, feedback from specialist discussions in a number of FISTERA workshops during
2002 and 2004 was recorded. The comments submitted to, and included in, the FISTERA interactive
database6 were also considered. The general impression of experts in the ﬁeld is that Europe lags behind
the US and East Asia in a number of critical ICTs and that the gap between the EU and its key competitors
has not diminished since the Lisbon Objectives were set in 2000. Europe has, however, maintained its
leadership in a number of technologies in which it has been traditionally strong (for an overview on 87
key technologies see Table 5 and for detailed information, see the speciﬁc document on Technology
Trajectories.7) Generally speaking, the experts’ feedback is in line with common belief, although the
experts’ views are often very difﬁcult to quantify with bibliometric data (scientiﬁc articles and patents).
One reason is that there is no common nomenclature to classify these technologies. Moreover, even if
it were available, bibliometrics largely reﬂect R&D work done in the past. This is particularly true for
industrial activity, as patents are awarded some time after the actual research. However, despite the
possible lack of quantiﬁcation, FISTERA considers that a ‘subjective snapshot of technological strengths’
is a valuable additional element for R&D decision taking. It also gives an indication of the psychology
of the research community.
As already mentioned, there is a widespread perception that Europe is lagging behind in critical
ICT and that urgent measures have to be taken to attain the Lisbon Objectives. The latest available
ﬁgures (2001) show overall investment in ICT R&D in the Union to be approaching 2% of the GDP,
though the average growth rate for this investment is only 4% (1997 – 2002). This rate would be
insufﬁcient to meet the Lisbon target of 3% GDP by 2010, as this would require an annual increase of
the overall R&D expenditure by 8% a year up to 2010. At the same time, it has to be underlined that
Europe’s position is far from desperate. This is true for research in general and research in information
and communication technologies in particular, as demonstrated by FISTERA. However, there is an
important difference between ICT and other technology sectors, namely the speed of change in ICTs
and the societal acceptance patterns differ (cycles are on average shorter, but more difﬁcult to predict).
This justiﬁes a higher degree of ﬂexibility for ICT R&D and the need for more resources as compared
with other research domains. The future Framework Programme 7 structure and instruments (such as
European Technology Platforms) should therefore allow for rapid and sustained support in cases where
unpredicted disruptive technologies suddenly emerge. FISTERA pinpoints a number of these possibly
disruptive technologies in the ICT domain (see Table 7).
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6
7

Foresight is known to suffer from the so-called “Zeitgeist” Dilemma, i.e. being a prisoner of the spirit of the times and “believing
that the big issues or technologies of today will also be big tomorrow”.
FISTERA has prepared a separate paper on how Foresight changed after the burst of the internet bubble and after the 11/09/01
terrorist attacks.
The Technology Trajectory database is online tool available at http://ﬁstera.telecomitalialab.com
“First report on key European technology trajectories”, Tilab, Sep 2003, available at the FISTERA web page http://ﬁstera.jrc.es

Factors that shape the speed of ICT progress can be technological, economic, social, or political
and they are often interrelated. Using reviews of major scenario studies of the emerging Information
Society, FISTERA analysed factors with a social component. ‘Healthcare’, ‘ageing population’, ‘transport
and mobility’, ‘education’, ‘governmental services’, ‘leisure’ and ‘changing social relationships’, including
‘cultural diversity and migration’ are the most important topics (see Figure 2). As drivers, these topics have
changed very little over the past few years. This is not surprising as social patterns change at a slower
rate. It is encouraging that social challenges and drivers for ICT have stabilised, as this is considered to be
crucial for the creation of the European knowledge society.
The only exception is ‘security’. It became a major concern after the 11th September 2001 terrorist
attack and ICTs are now increasingly considered to be indispensable tools for private and public security
and defence.
Figure 2: Key social drivers.
Factors inﬂuencing changing social relationships and communication patterns:
•

aging population and implications for health applications

•

the maintenance of languages, cultures and life styles in an enlarged Europe,

•

using novel ways of community learning and knowledge sharing,

•

increasing demand for personal mobility,

•

the demand for improved public services,

•

increasing requirements for personal privacy and trust,

•

assuring ICT service security and robustness,

•

complying with increasing “bottom line” ethical requests,

•

bridging the digital divide,

•

building ICT-related skills allowing social innovation (supporting ICT use and employing ICTs),

•

increasing demand for system integration and interconnection,

•

ongoing globalization of services and business,

•

enhanced awareness of environmental issues and sustainable growth,

•

ICT-based applications for enhanced security
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The Social Environment

FISTERA carried out vision building activities to anticipate future ICTs and listed 15 key issues that will drive R&D development up
until 2010 and beyond. Most of the issues have already been discussed in the socio-economic and foresight literature over the last
decade. This indicates that the environment for social drivers and the social determinants of technology acceptance are relatively
stable and thus, to a certain degree, ‘predictable’.

Human aspects
The more we move towards a Knowledge Society, the more the human factor becomes critical as
“knowledge largely rests in people”. In the second half of the 90s, there was a strong demand for scarce
IST skills, but since 2001, this has decreased. Nevertheless, the slowdown of the last two years in IST
is viewed by many as part of market restructuring rather than a long term trend, and there may well be
another ICT skills shortage in the future. How big this skills shortage will be is highly disputed. However,
discussions in FISTERA workshops revealed two trends as characterising the emerging needs in the labour
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market. Firstly, there is a continuous shift in the demand for very specialized technological expertise to
broader skills. Firms will increasingly need personnel who combine technical expertise, an understanding
of the IST market, the business acumen to know what products have market potential, and customerrelations (i.e. communication) skills. Secondly, changing sets of activities and the changing roles of ﬁrms
require more personnel with the capacity to acquire new skills. Here, life-long learning can support skills
regeneration for at least part of the existing workforce. Continuous learning must be directed towards
reducing the skills mismatch.
The demand for novel IST skills will inﬂuence employment levels and open a window of opportunity
for currently less prominent communities such as women, immigrants or ethnic minorities. While the
challenge of increasing the attractiveness of ICT for women has already been taken up by most EU
Member States, immigrants and ethnic minorities are still a skills reservoir in several EU countries. In the
90s, the threat of brain drain stemmed from an immediate urgency. Today, the threat of diminishing skills
availability, due to the demographic change, adds a new dimension to the brain drain debate.
Outsourcing IST activities to specialized service providers is increasingly perceived by ﬁrms as an
effective way of providing immediate IST and e-business skills. The reasons for outsourcing are many and
include expected cost savings, a favourable environment for doing future business in the outsourcing
country, access to talents and skills not available in home countries or technological advantages (e.g. 24
hour development cycles). India remains the undisputed offshore leader, with China and Eastern Europe
increasingly emerging as contenders. With respect to the Eastern European countries, their distance, time
zone, cultural and language connections are assets for ‘in’-shore outsourcing within the EU, particularly
by German ﬁrms.

Political Environment
FISTERA notes that a number of national foresight studies tend to ignore events and results from other
European countries. This under-exposure of the European dimension is particularly odd for IST, where the
challenges of playing a global role are recognised as an insuperable hurdle for individual EU Member
States. At the same time, the formation of trans-national alliances as a solution to the problem, appears not
to be restricted to countries within Europe. There is an interest in attracting existing global players, who
are often not located within the EU. With respect to the Lisbon 2010 Objectives, a European R&D strategy
ought, therefore, to provide a basis for creating European alliances to challenge dominant global players
in speciﬁc ICT ﬁelds.
Society demands that governments base their policy decisions upon evidence of future impacts
and good use of public money. An excessive demand for ‘hard facts’ may lead to a less favourable
environment as too much caution could reduce the exploitation of opportunities that generally result
from risky work and investments. In the long run, a reduced level of risk taking may threaten Europe’s
ability to keep up with the pace of scientiﬁc and technological change. This is particularly important in
the ICT domain, where the speed of technological change and the proliferation of novel applications
is enormous, and quick reactions are required. An excessive requirement for political justiﬁcation of
investments may also reduce the possibility of exploiting emerging opportunities, such as the potential
arising from nano-bio-info-cogno convergence, where societal and economic beneﬁts are even more
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difﬁcult to predict and quantify.
In the course of past European Commission Framework Programmes (FPs), the ﬁnancing of ICTrelated research has grown in absolute terms due to the increase of the overall FP budget. In relative terms,
however, the share of funds devoted to ICT-related research with respect to the overall FP investment has

A final remark on foresight in IST
Foresight should be understood as a vehicle to debate possible alternative futures, rather than a means
of predicting the future. Foresight provides elements for decisions, but cannot be the sole decision tool, for
the following reasons:
(1) Foresight suffers from the “Zeitgeist” Dilemma, i.e. being a prisoner of the spirit of the times and
“believing that the big issues or technologies of today will also be big tomorrow”;
(2) It underlines the “Collingridge Dilemma”, i.e. the lack of precise information on the potential
beneﬁts, applications and markets of new technologies etc. at early stages of development, when the
technological choices are more open and their potential impact is more uncertain; and the tendency
to be “locked into” designs and usage frameworks at the later stages of development when more
information is available, but when alternative options are harder to implement;
(3) It is difﬁcult to take “wild cards” and “weak signals” into account. The recent terrorist attacks in the
US and Europe are cases in point – they have pushed security concerns up the agenda in a way that
was largely unthinkable a few years ago;
(4) Finally, the speed of technological change and breakthroughs in ICT is notably higher than in other
domains.
In the past, unexpected breakthroughs and unfulﬁlled expectations have both contributed to the
uncertainty. On the one hand, we have witnessed a number of technological breakthroughs in ICT that
have led to largely unforeseen applications and services which now inﬂuence our economy and daily
lives. The emergence of the Internet and mobile telephony are two of the most famous examples. On
the other hand, while the concept of computer networks became widespread in the mid 90s, some web
and telephony applications had low take up. Mobile telephony and SMS services have taken off to a
much greater extent than most experts believed possible, while e-commerce and e-work have performed
below expectations. In these cases, the technological potential and functionality was well received, but
the development of usage patterns surprised most observers.

Key Factors Driving the Future Information Society in the European Research Area

diminished. A similar tendency is observed in a number of EU Members States. This is attributed by some
observers to the impression that IST has lost its position of ‘political’ priority with respect to other research
domains, such as life sciences or nanotechnology. Experts in the ﬁeld consider that the opportunity to
make the best use of IST may be missed, if ICT research does not receive adequate and ongoing support.
This is important if the continuous ﬂow of innovation, needed by the economy to increase productivity
and by society to pave the way towards the knowledge society, is to be maintained.

Performing a European-wide IST Foresight Exercise.
National foresight exercises do not generally cover the whole chain from technology assessment to its
impact on society and offer limited value for an EU approach. Consequently, a European foresight exercise
or recommendations for a European R&D strategy cannot be based on the aggregation of the ﬁndings of the
Member States alone. It would be better to complement these national foresight exercises with a regular
pan-European monitoring and foresight exercise. A starting point for a European-wide foresight exercise
could be a uniform technology assessment that includes the relative positions of each country and Europe
on a global scale for speciﬁc IST technologies or applications. As a second phase, this information could
become the basis for a Europe-wide SWOT analysis.
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Once a discussion on the elements towards the optimal path for achieving the Lisbon Objectives
is underway, the debate and the exchange of visions on what Europe can, and must, do about IST
research could be extended beyond the 2010 time horizon to 2020, for example. This would highlight the
differences and commonalities with the Lisbon 2010 vision and offer a better informed basis for long term
R&D planning.

Ambitious goals were set at the Lisbon
Summit in 2000 for the EU to become the most
competitive and dynamic knowledge-based
economy in the world by the end of the decade.
In this context, the role and contribution of
Information and Communication Technologies
(ICTs) is particularly important for two reasons.
First, it is indisputable that ICTs enhance the
productivity and quality of services in all
economic sectors. It is a systemic technology,
affecting or enabling the necessary social and
institutional changes needed to meet the Lisbon
Objectives. Second, the ICT sector is a highly
important industry per se and its success will be
crucial to achieving these Objectives.
Over the past four years, however, it
appears that the gap between the EU and its
key competitors has not diminished for most
Information Society technologies. How can
these trends be reversed, and how can FISTERA
accelerate the necessary process? In this respect,
FISTERA aims to contribute to the analysis of gaps

and (optimal) paths towards for IST with a time
horizon of 2010 (Lisbon Objective).8 Its ﬁnal
goal is to discuss options for actions and factors
that could help Europe to become the leading
player in crucial IST areas. The current ﬁndings
are summarized in this document.
Once a discussion on the best way to
achieve the Lisbon Objectives is underway, this
debate and exchange of visions will be extended
to apply to a 2020 time horizon. Ideally this will
highlight the differences and commonalities
with the vision implicit in the 2010 Objectives.
This task may require competences not available
in the existing Consortium, so special attention
will be devoted to the creation of a larger “IST
Futures Forum”. This Forum will discuss what
Europe can and should do about IST research,
technology development, and related actions for
2020. These tasks are targeted for 2005. The ﬁrst
step in this challenging undertaking is to deﬁne
and develop an appropriate and consistent
working methodology.

Key Factors Driving the Future Information Society in the European Research Area
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We sometimes need to look beyond the 2010 horizon, not just because ongoing developments (e.g. enlargement) make the
original Objectives more problematic, but also because the important social and commercial implications of today’s R&D will
often not be apparent for a decade or more.
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The question arises as to what extent the tools
and methods used by the Foresight community
can help to detect and speed-up those actions
that will enable Europe to become one of the
leading players in a number of crucial ICT areas.
In this chapter, we discuss the methodology
employed in the FISTERA9 project to make best
use of classical Foresight tools. However, before
choosing the appropriate tools, it is necessary to
discuss the problems we are targeting.

1.1. Analysing by Factors: A problem
driven approach
To be able to provide useful input on the
prospects of ICT, we need to understand the
underlying forces and factors that inﬂuence ICT
research, development and deployment. These
forces are not always obvious. An important
step is to identify a number of driving forces and
challenges confronting the European Information
Society.
The terms “drivers” and “challenges” are
widely used in Foresight work and will be used
in this report. However, since these terms are
frequently misunderstood, they are deﬁned here.
“Drivers” are taken to mean factors that have an
important shaping inﬂuence on developments.
They are directly active inﬂuences, prompting,
for example, research in particular directions,
or stimulating the continuation of technological
trajectories, etc. The term “challenges”, in contrast,
carries a normative component within it – how
are we going to meet these challenges? What
are they challenging? Phrased in the right way,
challenges can become drivers (“the need to….”)
and vice versa (“capabilities to cope with…”). An
alternative formulation, such inﬂuencing factors,
may be more neutral.

9

These inﬂuencing factors may be of a social,
economic, political or technological nature
(Figure 3). They are interrelated in complex
ways, and the factors themselves, as well as their
relationships, may change over time. A ﬁrst step
in identifying key factors was to review some
major European IST scenario studies, identifying
the trends and other drivers and challenges
portrayed as likely to be important inﬂuences
on future societal changes. Trends need to be
considered seriously; they are liable to affect
whatever is foreseen and planned - for instance,
one major trend is the ageing population, which
will inﬂuence labour and consumer market
development, requirements for ICT applications in
education and health, and so on. For technology
trends, FISTERA uses technology trajectory
projections (as presented in Chapter 5.1) which
should deliver information beyond conventional
technology roadmaps. By identifying drivers
and understanding their implications, FISTERA
hopes to provide insights for decision makers.
Challenges are hurdles that need to be overcome
in order to move in a certain direction. They are
frequently the result of conﬂicts between various
trends and/or aims, which must be resolved if
IST use is to be integrated into European society.
A proper understanding of all of these would
support vision building activities for anticipating
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the future of ICTs.
The relationship and dependency between
different factors is complex. As the factors may
be of different natures -technological (e.g.
miniaturisation), social (e.g. increasing demand
for mobility) or economic (e.g. reduction of the
cost per unit of functionality)- they are often
difﬁcult to reconcile. They may even conﬂict. For
example, factors such as ‘more personalization’
or ‘more security’ are pursued at the expense of

Telecom Italia Lab maintains the FISTERA database on technologies and their trajectories. This database is available online via
the FISTERA website http://FISTERA.jrc.es
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the factor ‘cost’ or ‘privacy’. Although a complete
picture cannot be established, we can assume
that, a number of factors need to coincide if an
ICT is to conquer the market. It must respond to a
demand, be appropriately priced and functional,
and be in line with political structure. For
instance, the deployment of e-commerce requires
a political willingness to underwrite policy
enabling privacy and security, a technology that
delivers solutions to people’s needs, and society’s
trust in this policy and technology.
FISTERA identiﬁed a set of key factors that
appear to be speciﬁcally important for the
development of the ICT industry and services
sector. These have been identiﬁed from the review
of scenario studies and added to in discussion
with the FISTERA consortium. These factors
need to be taken into account when designing a
European IST policy.
In the ﬁrst phase, it was necessary to focus
the forward-looking analysis in FISTERA, where
the project is likely to contribute new insights

to the current debate. Thus, economic factors
of importance to ISTs, although one of the key
questions for the future, could only be partially
addressed.. While expected cost evolution for
new emerging technologies has been taken
into account for the ‘technology trajectories’,
other macro-economic factors (e.g. impacts on
productivity, role of global trade and ﬁnancial
system, etc.) have only been touched upon
as far as necessary to complement the other
analytical dimensions. The reason for this is the
amount of research work that has already been
conducted over the past few years on important
questions like the ‘productivity paradox’. Rather
than investing a lot of time and resources on
reviewing this kind of eminent research work,
the FISTERA team decided to concentrate its
efforts on other equally important key factors.
These key factors are discussed in in Chapter 2.
In the second phase, FISTERA will also tackle the
macro-economic dimension, though by means
of a review of the state-of-the-art rather than by
extensive own research.

Figure 3. Inﬂuencing factors.

- Ageing and eHealth
- Cultural Pluralism
- Community learning
- Ethics
- Digital Divide
- Mobility

- Miniaturisation
- Systems integration
- Reliability and robutness
- Content ownership vs free
availability

- Evolution of trade and
economic affairs

- Governmental efficiency
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Trends, drivers and challenges, here called factors, determine the speed and direction of ICT progress. These factors may be of
an economic, social, technological or political nature, but they also inﬂuence each other. Consequently, FISTERA’s task can be
broken down into the analysis of the individual factors to a certain extent. As long-standing ICT impact depends on technological
advancement being accompanied by societal acceptance, a favourable economic environment, and governmental willingness to
promote changes, the FISTERA challenge is to gather all available Foresight information into a common picture.

In addition to the problem driven approach,
FISTERA methodology also combines a number
of classical Foresight tools -for example, fully
ﬂedged Foresight exercises; technology roadmapping, Delphi studies or scenario building
exercises. Taken in isolation each of these tools
offers useful, but partial information. Depending
on the aims of each exercise, they are combined
in a way designed to produce meaningful results.
FISTERA’s working methodology based on
adapting and combining a number of classical
Foresight tools, is discussed below.
Technology road-mapping is a tool used in
industry to analyse what kind of performance a

given technology will have at a given point in
time. Road-mapping considers technological
developments at the global level and mainly aims
at yielding useful information on where industry
should focus its efforts and internal planning.
In the ICT ﬁeld, technology road-mapping has
been demonstrated as a successful instrument for
identifying technological challenges and planning
R&D. The most obvious example is probably the
miniaturisation process of integrated circuits
in the semiconductor industry, often referred to
‘Moore’s Law’ in the popular press.10
While road-mapping has been a powerful
tool for short- and mid-term industrial purposes,
it does not fulﬁl FISTERA’s needs and requires a
level of expertise and resources. For instance,
roadmapping is purely technology driven and

ASSET:
allows for creating
the future

Road-mapping

RISK:
‘unfulfilled
wish list of
technologies
and services’

Scenario
Building

Figure 4: Methodology.

ASSET:
builds upon Current
technology trends
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1.2. Combining Top-Down and BottomUp Approaches

RISK:
‘Solution
looking for a
problem’

For a technology to have a deep impact on society and economics, a number of factors must coincide. It is not sufﬁcient to just
have good technology, it must also be cheap, comply with minimal ethical standards, respond to users needs, be economically
viable, etc. FISTERA tries to include consideration of economic, social and political factors by combining a top-down with a
bottom-up approach. The top-down approach is mainly based on an extrapolation of technology trajectories, while the scenario
building exercises respond more to the bottom-up approach. The application of “technological trajectories” requires a certain level
of technological maturity and may risk overemphasising current trends. Scenario building, on the other hand, leaves plenty room for
creative reﬂection on possible future technological developments. The risk is that technological bottlenecks are underestimated. The
challenge is to combine both exercises as they are not sufﬁcient on their own.
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Examples are the “International Technology Roadmap for Semiconductors” edited by the Semiconductor Industry Association
(available at http://public.itrs.net/) or the “Technology Roadmap for Nanoelectronics” of the European Commission (available at
http://www.cordis.lu/ist/fet/nidqf.htm).
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provides no projections on its use. Thus, it is
difﬁcult to build a methodology on this that
sufﬁciently addresses socio-economic or political
factors, such as actual applications or acceptance
concerns. For this wider EU objective, FISTERA
has designed a novel approach, called Technology
Trajectories (TT), where a cluster of technologies
are investigated from the point of view of what
they offer - their functionality. This approach aims
to reveal potential technology alternatives that
provide a given functionality.
One speciﬁc ICT difﬁculty arises from the
fact that – generally speaking - technological
progress in ICT takes place at high speed, though
the rates of change may vary signiﬁcantly within
the different ICT clusters. For some ICTs, such as
software, signiﬁcant changes can occur in less
than three years, while for other ICTs the pace
is slower. In the FISTERA approach, three time
frames were chosen: 2004, 2010, coinciding with
the Lisbon Objectives and 2020.
Technology roadmapping offers considerable
insight into how technology options might
develop over time. However it is not sufﬁcient
on its own in the design of an encompassing
IST research policy as it would lead to a purely
technology-push approach. Take the evolution
of processing capacity as an example. Assuming
that Moore’s Law continues to hold, technology
roadmapping gives a very detailed view of future
options for the semiconductor industry, but says
little or nothing about potential applications and
services, the demand for them, their acceptance
by society or, more generally, their social impact.
The implication of more processing power and
the potential changes it may bring to people’s
lives is not discussed. A more integral approach
would be to place an evolving technology in its

11
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broader socio-economic context and look for
interdependencies. The FISTERA methodology
tries to link current and emerging technologies
to their potential applications. These projections,
which we call “technology trajectories”,11 are
constructed on the basis of intensive discussions
with many experts in the ﬁeld. Each individual
opinion is subjective, but these inputs together
may yield insights into the direction in which “the
future can be constructed” (see Figure 5).
Technology road-mapping is a powerful
tool when progress can be traced back and
offers sufficient evidence to be extrapolated into
the future. However, technology disruptions
– qualitative changes in the development of
technologies like the jump from mainframe
computers to PCs - are impossible to predict
this way.
Here, scenario building may help to “think
outside of the box” and help the analyst make
different types of projections into the future. A
number of ICT scenarios have been developed
in recent years. Perhaps the most prominent
ICT scenarios are those that converged into the
“Ambient Intelligence” vision, which has become
the leitmotiv for the European Commission’s
current 6th IST research programme.12 A potential
risk of scenario building here is that it may offer
only simplistic results for deﬁning research
directions, if the scenarios do not take into account
the ongoing technology environment adequately.
The FISTERA approach tries to overcome this
problem by tightly linking technology roadmapping to scenario building. In particular,
scenario building is employed for the discussion
of the societal acceptance and potential impact,
resulting from discussion of promising technology
development.

For the purposes technological foresight, FISTERA is not developing “Roadmapping” but investigating “Technology Trajectories”.
The concept of Technology Trajectories aims at indicating directions as it can be seen today, given the known results and the
current planned investment in the technology evolution considered as a whole. The drafting of technological roadmaps would
be beyond the scope and technical capabilities of the consortium.
The Ambient Intelligence (AmI) Vision has been developed by the IST Advisory Group (ISTAG) in collaboration with the IPTS.
AmI is one of the pillars for EC policy for research in IST and been subject of a considerable discussions at the academy and
industry. The ISTAG webpage http://www.cordis.lu/ist/istag.htm contains information about AmI as well as a number of Grand
Challenges. Information on the European Commission’s FP is available at http://fp6.cordis.lu/fp6/home.cfm or at http://europa.
eu.int/comm/research/fp6/index_en.html
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Figure 5. Technology Trajectories.

A given IST-relevant functionality may be based on a set of technologies. FISTERA identiﬁed a limited number of “technology
trajectories” on the basis of their capability to guarantee a speciﬁc functionality (see Chapter 5.1). These technology trajectories are
evaluated at three points in time: 2004, 2010 and 2020. The ﬁgure shows the example for “information retrieval” in the year 2010. In
this case, six (out of the eighty) technologies are expected to contribute mainly to this trajectory / functionality. The thickness of the
arrows indicates the relative weight of the six technologies.

The Car as example for the FISTERA methodology
Transport has been identiﬁed as a key issue
in Europe and it has been recommended by
ISTAG as a focus area, together with learning and
health applications. The car, as the most important
means of transport, will be used as an example of
how the FISTERA methodology can be used.
Currently, there are more than 200 million
cars in Europe (EU15). The penetration rate is
high and constantly increasing. For instance,
32.5 million cars are registered in Italy – in other
words, there is one car for every 1.9 people. 85%

of Italians use the car regularly as their main
means of transport and the trend is growing. The
car is a place where a number of people spend a
lot of time. Ambient Intelligence is already used
in cars and its use will continue to grow.
The car is already a place where ICT is
becoming more and more prominent and where
elements such as connectivity, data processing
and storage are converging. Today roughly 10%
of a car’s price goes on ICT-related components,
like airbags, engine management, ABS, ESP
and others. By 2010, the ICT share will further
increase as clients are willing to pay for better
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passenger security (passive and active), comfort
and performance.
There are many technological and societal
challenges. Some 42,000 people die every year in
the world as a result of car accidents and 1.6 million
are injured. Mobility has its environmental price,
too. In Europe, 10 hectares are sacriﬁced every day
for road construction and other infrastructure. The
number of vehicles increases by 3 million per year.
Though road transport is vital for our economy, it
is the highest contributor to CO2 pollution and
its mismanagement incurs considerable cost. It is
estimated that trafﬁc congestion costs nearly 2% of
GDP, generates 1.5% of accidents.

Bearing these challenges in mind,
governments, industry and users share
responsibility for road transport evolution,
deployment, operation and cost. ICT cannot
solve the challenges alone, but it may make
a significant contribution. By treating the Car
as an “intelligent” ambient within the AmIvision, the FISTERA methodology can be
employed. From a scenario building point of
view, e.g. the top-down approach a number
of instances of technology application (IOTAs)
can be developed to simulate a realistic
environment in the future. An example is
given in the box below.

Box 1: Instances of Technology Application (IOTAs).
Scenario Building: The Car by 2010
It is 1.00 pm when I get to the house of a good friend on a rainy Saturday afternoon. I call her from a communication system
embedded in the steering wheel and automatically synchronized with my mobile phone service provider. She’s been waiting
impatiently for a ride in my new car made of aluminium and titanium metal foam, so she quickly jumps in.
I explain to her that my new machine is the cleanest, safest and most intelligent vehicle on the market. The motor is powered
by a hybrid system, combining solar panels with fuel cell technologies which use hydrogen to produce electrical energy and
motor power. Though it can reach a maximum speed of 250 km/hrs, speed is regulated by a system which integrates the onboard technologies with weather monitoring, legal speed limits, and regional telematic trafﬁc management tools. (The system
can be overridden, but this could invalidate the insurance policy.)
Besides being equipped with traditional emergency braking assistance and anti-crash systems, the car also has electronic
steering correction for stability control, noise reduction and automatic tyre pressure monitoring systems. The car provides
accurate information on the driving environment by combining GPS, trafﬁc management tools, sensor technologies (radars
and lasers) and man-machine interfaces. It informs the driver, in user-friendly and effective ways, about dangerous situations
and/or more efﬁcient routes (saving time and energy). Sensors ensure that the car keeps an appropriate distance from
vehicles, objects and individuals, thus contributing to the avoidance of collisions when changing lanes or merging with
trafﬁc ﬂows. I also explain that one of the main safety improvements is the personalised protection system, adapted to
individual characteristics such as height, weight and driving position. This system can be activated either manually or via
voice recognition once the passenger’s proﬁle has been added to the passenger list. The seat, airbag displays and seatbelts
automatically adapt to her speciﬁc postural and security requirements.
Finally, I describe some of the functionalities of the terminals located in devices attached to each door. (These can be detached
and used as PDAs.) They use general packet radio services (GPRS) and universal mobile telecommunications systems
(UMTS) to offer permanent online connection with high bandwidth. What she likes best about this system is a new service
which provides brief descriptions of places and special events (i.e. restaurants, pubs, cinemas, clubs, festivals, etc.) within a
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given distance (from 100 metres to 100 kilometres) of the current location, and that can intelligently identify similar facilities
associated with the proposed route and destination.
IOTAs are short storylines trying to depict realistic environments in the future. The Car Storyline above makes use of a number of
ICTs. Following the FISTERA methodology, the availability of the suggested technologies then needs to be cross-checked with the
corresponding Technology Trajectory for the given timeline. More IOTAs are available at www.xintesys.com/FISTERA/iotas.htm

Some of these applications may require
a number of sophisticated technologies that
are not developed yet. Often, however, they
may already be available today, but not yet
sufﬁciently deployed. Take “entertainment” as
an example. Many family cars already offer ﬂatscreens on the back of the adults’ seats, which
allow the children to watch a DVD or play with a
games console. If we assume that PC technology
is mature while UMTS is ramping up, the step
from watching DVDs to browsing the Internet in
the back seats may appear to be a small one.
In practice, however, it may take considerable
time, because – although the technology already
exists -, a number of actors have to collaborate
and agree on such an undertaking. In the
case of the car, the main actors would be the
car manufacturers, the consumer electronics
industry, the public administration (police,
tax authorities, road management), content

providers, Internet service providers, telecom
operators, insurance companies, car rental, hot
spot owners, garages, etc.
The FISTERA approach therefore starts with
a short story – an Instance of Technological
Application (or IOTA) - which describes how
ICT progress may comply with certain ambient
environments (as shown in the example of
the car in the box above). The purpose of the
IOTA is to trigger discussions. Which actors
are involved? What technologies are required?
Will they be accepted by the user? etc. Some
of the questions may sound obvious at first
glance but then prove difficult to answer. For
instance, the same technology that offers you
beneficial road traffic information may also
permit the police to detect infractions. How
much anonymity are we willing to give up in
exchange for a given service?
Once the IOTAs have been made as realistic
as possible for a given year (2010 or 2020) then
desired applications, the technologies involved
and the actors needed to implement them can
be discussed. This approach is complemented
by bottom-up technology trajectories, which
inform us if the technology will be available or
not by a given time. For instance, what are the
technological implications to watch television
opposed to DVDs? Which technologies would be
necessary to have real-time technical assistance
or better prevention support?
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The aim is to discuss realistic application
areas. In the case of the Car ambient, a starting
point could be the needs of different users. A
business person, who would not drive, would
require high performance communication
facilities; a commuter instant trafﬁc news,
information about car sharing and pooling or
multimodal transport; sales representative road
information, client information; children would
like access to entertainment or education while
their (driving) parents would require tourist or
commercial information.
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Figure 6. The top-down path.

Home

Hospital

Car

…

Localization

Education

Entertainment
Tourism support services

Fleet management
Safety

Communication
Language understanding

Agents

Bluetooth

Voice synthesis recognition

Multi-modal transportation

Interactivity
Human Interfacing

Software

Flat screen

Haptic interfaces

For a given ambient, the relationship to the underlying layers can be broken down. Complexity of the relationship network is a major
concern for the analysis, but not the only one. The strength of the links have to be investigated as well and their timely evolution.
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More than ever, societal problems are
present in the minds of those carrying out
Foresight exercises. This applies to both advanced
societal and IST-speciﬁc Foresight. Even in work
performed by technologically inclined panels,
Foresight tends to be driven by functional needs
rather than technologies.
While virtually all national reports claim
that an analysis of strengths, weaknesses,
opportunities and threats (SWOT) was an
important element of their research, most contain
little explicit reference to the results of such
analyses. The reports also contain little on the
visions of the emerging Information Society that
guide activities on IST. It is possible that there
are, in fact, tacit, shared assumptions behind
these visions in the individual countries and that
these are documented more explicitly elsewhere,
e.g. in national e-Society initiatives, such as the
Swedish “Information Society for All” (2000).

2.1. Changing Social Relationships
Do social and family relationships need
support, now more than at any other time? This is
a hard question to answer deﬁnitively, since even
trends like rising divorce and alcoholism levels
might be due to factors such as relaxed social
norms. However, the following factors may be
putting greater stress on relationships:
•

Families and social networks tend to be more
dispersed due to increased geographical
mobility.

•

Pressure on the balance between work and
home life, make it difﬁcult for many social
groups to maintain social contacts, or to invest
enough “quality time” in relationships.

•

Technological developments permit a higher
degree of individualisation of activities that
were traditionally carried out by groups or
collectives.13

•

There is evidence of lifestyle differentiation,
and of the fragmentation of relatively
common cultures (largely based on gender
and occupational class) into a multitude of
subcultures, differentiated by consumption
tastes and leisure pursuits.

Perhaps not coincidentally, some experts
lament the decline of community participation,
such as voluntary group membership and
activities.
Since
social
relationships
imply
communication, communication technologies
are obviously relevant to them. At the same time,
there are fears that technology will get in the way
of person-to-person connections, and possibly
devalue face-to-face and physical contact.
However, experience over two decades points
to some ways in which ISTs can support social
relationships:
•

Meeting and making friends (particularly
important to isolated people);

•

Maintaining existing social relationships, e.g.
by keeping in touch with family members,
checking on the health and security of
household members, etc.

•

Supporting everyday functions by means of
mobile communications and messaging, to
help planning, coordination of activities, and
the like;

•

Engaging in joint social activities, e.g.
gaming, discussions, hobbies
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Examples: microwaves make it easier for family members to eat at different times, video recorders allow people to watch the
same programme at different times, an increased number of channels means that fewer people will share the same televisual
experience, private cars isolate individual drivers, etc.
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•

Supporting working relationships;

•

Supporting communities
professional and otherwise;

•

Creating virtual communities around shared
interests;

•

Enhancing physical communities by means
of e-democracy and other activities with a
spatial reference.

of

practice,

Alongside these advantages, there have
been continual expressions of concern about the
problematic features of such networking. As well
as the pervasive issue of digital divides, these
features include:
•

Abuses of trust (especially those connected
with paedophilia and fraud);

•

Socially
disapproved
content
pornography to terrorism);

•

Risks to security and conﬁdentiality of
information;

•

Possible negative impacts on conventional
social life and skills.

(from

If pressure on traditional social relationships
continues, there will be scope for further
application of IST to support, complement, or even
substitute such relationships. We can anticipate
a substantial increase in IST markets devoted to
(or products capable of being applied to) social
relationships. Alongside this, we can expect an
ongoing evolution of everyday and working life
practices towards the use of relevant devices and
services. There will probably be policy efforts to
encourage innovation along socially desirable
lines, such as reducing digital divides.
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There are - and will continue to be - concerns
about protection of vulnerable groups, and about
threats to privacy and civil liberties as a result of
the increased capability to monitor the location
and activities of individuals. These concerns are
likely to be fuelled by developments in ubiquitous
computing and personal location systems and
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applications in the area of social relationships
are no exception. Exactly what balance is
established between different types of concern
(physical security, criminality, terror versus
privacy, freedom of information, liberties, etc.)
and between institutional structures, regulations
and innovations in technologies and services, is
hard to predict. Whatever happens, the solutions
that evolve will inﬂuence and be inﬂuenced
by technology development and especially by
pioneering applications.

2.2. Leisure and Recreation
There has been a long-term trend for the
amount of leisure time experienced by the EU
population to increase. This is largely related to
the decrease in time spent in employment and
also reﬂects other factors such as population
ageing. Alongside the increase in leisure time is
an increase in disposable income to be spent on
leisure activities. There has been a proliferation of
consumer electronics and other products, various
types of holiday, and growth of leisure facilities
from theme parks to sports and recreation centres,
from heritage sites and museums to nature study
and rambling.14
Many sociologists believe that leisure and
consumption activities will become important
elements in deﬁning who we are. Some argue that
it will be more central to identity than occupational
or ethnic afﬁliations. Despite the growth of mass
media and mass leisure experiences like festivals,
package holidays, major sporting events, there are
also arguments that lifestyles are becoming more
diverse and thus different leisure cultures are
emerging and coexisting. This is partly associated
with the trend towards smaller family groups
and more single-person households, and partly
with the differentiation between age groups (e.g.
marketing aimed at teenagers).
Consumer
electronics
devices
have
beneﬁted from IST innovation for a long time.

A useful discussion of future tourist trends in Europe is European Travel Commission’s Trends of Tourism in Europe available at:
http://www.ntr.invanor.no/items/875.pdf

Many of these products have had extremely
rapid uptake over the last decade, while more
integrated systems have developed much more
slowly. For a long time now, IST enthusiasts have
talked of “interactive home systems”, “smart
houses”, “home networking”, “home automation”,
“domotics”, and the like. There has been some
spread of communications systems in the home to
support distribution of media or computer access,
to link up security alarms, etc., but these are
mostly limited and fairly isolated developments.
Efforts to introduce products around standards
such as Bluetooth are continuing.
In addition to products directly purchased
by consumers, IST is applied in many leisure
facilities outside the home. Electronic arcade
games have existed for some time, but new
technology is also being employed in cinemas
(e.g. digital projection), theme parks, gymnasia
(sports equipment providing detailed feedback
on performance), and even in museums and
heritage sites (e.g. more advanced forms of handheld information devices and guides, interactive
exhibits). Technologies
and
applications
pioneered in commercial and educational
environments have often become the inspiration
for consumer products.
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Thus we can anticipate IST applications that
will enhance leisure experiences, ranging from
music and ﬁlm to physical activities and hobbies.
The technology may be used for planning, recordkeeping, or for discussion of activities in virtual
communities. It may be used to provide access to
an increasing range of electronic materials, and to
provide more realistic and immersive experiences.
It may even be used to “escape” reality, or to
“augment” it. Examples and trends of trajectories
in Consumer IST are given in Chapter 5.4

2.3. Ageing Population
It is well-known that EU population is getting
older. Coomans15 points to three particular
elements of the European ageing process
(illustrated in Figure 7). Each has implications for
social and economic affairs.
The ﬁrst striking ageing trend is the increasing
average age of the population. The share of
people aged 65 and over in EU15 is projected to
increase from 15.4 % in 1995 to 17.9 % in 2010,
accelerating signiﬁcantly thereafter so that by
2025 this share will be 22% of total population
(85 million older people people). The share of
older people in the population is lower in the ten
newer Member States, which follow demographic
trends 10 to 15 years behind the EU15. The
political concerns generated by general ageing
mainly involve pension and health budgets.
Coomans’ report estimates that health and pension
contribution rates would need to be increased by
over 10% on average for the EU, just to cope with
the age shift between 1995 and 2010 - and by an
even higher percentage thereafter.
The second element is the growth of the
share of substantially older people within the
population, i.e. the ageing of older people. This
has implications for health budgets. The number
of people aged 80 and over is forecast to rise
from 13.4 million in 1995 to 18.3 million in 2010
(4.7% of the population). This accounts for around

Géry Coomans, 1999, Demographic and Social Trends Issue Paper: Europe’ s Changing Demography, Constraints and
Bottlenecks Seville, IPTS, TECS-Futures Programme, Nº Series: 08 EUR 18967 EN
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While these were predominantly home-based
audiovisual systems in the past, these have now
been complemented by personal and portable
devices of many kinds, including those based
around mobile phones and portable computers.
In-car devices have also proliferated. Traditional
consumer electronic products have evolved,
with widescreen TV, surround sound, and digital
broadcasting being cases in point. Electronic
devices have been introduced in competition
with other types of consumer products for
taking photographs, performing music, and so
on. IST has been used to enhance other leisure
and recreational goods, for instance sports and
training equipment, even do-it-yourself and
gardening tools.
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Figure 7: Demographic Projections.
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Both of these ﬁrst two developments
imply shifts in ﬁnal demand and consumption
expenditures. Essentially, older people are less
likely to purchase household equipment and
personal vehicles, while they spend more on
health, personal services and leisure.
The third element is the ageing of the
workforce. The median age of the working
group (i.e. those between 15 and 64 years old),
is forecast to increase, too, from 37.2 in 1995
to 40.6 in 2010. There will be an increase in
the share of people aged between 50 and 64,
and a marked decrease in young entrants into
the labour force. This has implications for job
design, labour conditions, life-long learning and
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four-ﬁfths of the expected 10% increases in calls
on health budgets. Considerable employment in
care for older people will be created.
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retraining and work-life balances. Work force
ageing may also be a matter of policy choice. If
the rate of employment will follow historic rates
and large-scale immigration will not occur, it
will be necessary to put back the retirement age.
This would mean the reversal of the current trend
towards earlier retirement.
It would be worth, but resource intensive,
investigating how IST is being applied in the
health ﬁeld in each country. However, a number
of implications of the IST trends discussed above
can be mentioned:
•

A wide range of IST applications designed
to make all sorts of goods and services more
attractive and easy to use by older people
can be anticipated. Substantial markets
could be created for these more age-friendly
applications;16

The concept of what “age-friendly” is will shift over time as generations accustomed to computer use reach old age. The
emphasis today might be on simplicity, while later it might be on things like “size of displays”, input devices etc.

IST will be applied in the workplace to
render more jobs age-friendly;

•

There may be shortages in skilled and
motivated labour for some of the more
high-pressure IST jobs. This might support
offshoring, for example.

•

IST for life-long learning and retraining will
offer substantial opportunities, particularly
when it comes to training people in the use of
the rapidly changing spectrum of workplace
ISTs;

•

Social needs for security and welfare
support for older people – from alarms and
communication systems to decision support
and maintenance of social contacts and
family support – will be inescapable.

2.4. Health
The EU25 region is one of the world’s
healthiest. Life expectancy rates are high,17 infant
mortality is low and decreasing, children’s dental
health is improving and the incidence of serious
infectious diseases is lower. The major causes
of death and chronic illness are “civilisation
diseases” such as heart problems, cancer, road
accidents and the like. Chronic diseases and
disabilities are major problems for older people
- for example, Alzheimer’s, arthritis and loss of
hearing and vision. Variations in health between
countries and regions persist, and death rates
are higher in lower socio-economic groups
and are affected by unemployment. There are
considerable challenges ahead. These include:
•

•

Possible epidemics, and the highly probable
growth of hard-to-treat conditions, associated
with the development of antibiotic resistant
bacteria;
New disease vectors associated
globalisation and global warming;

with

•

Financial limitations as health services strive
to cope with rising expectations and ageing
populations;

•

Promotion of the behavioural changes
required to combat obesity, addictions and
alike.

•

Popular suspicion of medical expertise,
and concerns about unknown health
consequences of environmental and
technological factors.

Major opportunities will also arise:
•

The emergence of novel biotechnologybased methods, which could provide
more effective (personalised) conventional
treatment, as well as new types of treatment
such as gene therapy, therapeutic cloning.

•

neurological and neuro-pharmacological
research could give rise to better
understanding of brain functions.

•

new materials and other technologies could
improve surgical treatment and devices.

•

the use of IST in the health arena could bring
a range of beneﬁts.

Information
and
communications
technologies (ICT) will be applied in the course
of medical treatment, as well as in health
research and information programmes, aftercare,
and health administration. The application of
ICT across the whole range of functions that
affect healthcare, from diagnosis to follow-up
are commonly called “eHealth”.18 Examples of
applications within the health area are:
•

Computer-assisted diagnosis;

•

Electronic health records;

•

Hospital information systems;

•

Online communities of professionals and
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In 1991, the life expectancy in EU15 was 76.5 years. One year higher than the United States, and three years less than in
Japan.
“The case for eHealth” Denise Silber, 2003 http://europa.eu.int/information_society/eeurope/ehealth/conference/2003/doc/
the_case_for_eHealth.pdf
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carers interested in particular conditions, and
of patients suffering from these conditions;
•

Telemedicine (including remote diagnosis,
monitoring of conditions, and support for
surgery)

A wide spectrum of health applications will
be prompted by both ﬁnancial pressures and
budgetary constraints, and by the health and
medical requirements of older people. Some
will be efﬁciency- and administrative-driven,
such as informatics support systems. These
will also respond to the demands of a more
mobile society, where individuals will need to
have records transported across borders. At the
other end of the spectrum will be IST-enhanced
medical support – prosthetics and surgical
devices, drug delivery and biological monitoring
and testing, and the like. In between will be many
information services, advice and decision support
services, and opportunities for patients and family
members, as well as health professionals, to form
communities and share experience and action.

2.5. Cultural Diversity and Migration
“Culture” is a controversial term.19 Its
meanings extend beyond those associated with
ethnicity or national identity. What is evident
in Europe is that whatever the homogenising
effects of globalisation might be (and there are
arguments suggesting that these are outweighed
by centrifugal forces), the increasing integration
of the EU, is bringing more cultures into closer
contact with each other.20 This adds to a long
tradition of cultural interchange, sometimes
harmonious, sometimes more contentious.
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Data on migration suggests that there
will be more mingling of people from diverse
backgrounds. OECD data indicates that most of
the EU15 experienced a considerable growth in
foreign residents over the period 1980-2000.21
The ﬁgure varies from 2% in Spain and Portugal
to around 36% in Luxembourg. The average for
most EU countries is below 10% and the ﬁgures
for metropolitan areas are generally higher.
These ﬁgures do not generally capture the
cultural exchange associated with naturalised
citizens, second-generation (and later) minority
populations, and with non-residents who may
spend long periods in a country.
The EU15’s population increased during the
1990s by 12.7 million, mainly due to net inward
migration. Whereas births outnumbered deaths
by 658,000 in 1990, this lead fell to 261,000
in 1999.22 Though immigration is a politically
sensitive issue in most EU countries, their
economies require workers at various skills levels,
and the projected demographic ageing will create
the need for further support. A recent socioeconomic research study reviewed immigrant
cultures,23 concentrating on three themes:
Migration: Migration is seen to be largely a
matter of “pull”; e.g. “the underground economy
is not caused by the presence of (often illegal)
immigrants, but rather the availability of work
(illegal or otherwise) attracts migrants.
Living conditions of migrants: These
conditions are generally lower than those of local
citizens (e.g. employment and housing). Children
tend to be better integrated than their parents, but
they are, on average, likely to perform relatively
poorly in school in comparison with the children

The quotation: ‘Whenever I hear the word culture, I reach for my pistol!’ is attributed to Hermann Göring. This is apparently a
variation on a phrase coined by playwright Hanns Johst’s Schlageter, who Göring certainly knew.
Several EU countries have a number of distinct linguistic populations; some countries also have sizeable populations of Roma,
etc.
OECD, “Trends in international migration”, Paris, 2001 www.oecd.org
Source: EC 2002, PANORAMA OF THE EUROPEAN UNION, Health Statistics Key Data On Health 2002 Luxembourg: Ofﬁce
for Ofﬁcial Publications of the European Communities
Stephen Castles, Alisdair Rogers, Ellie Vasta and Steven Vertovec, 2003, Migration and social integration of migrants - Report
on the Assessment of research reports carried out under the European Commission Targeted Socio-Economic Research (TSER)
Programme Centre for Migration and Policy Research, University of Oxford, 82 pages, Brussels, 2003 published at: ftp://ftp.
cordis.lu/pub/citizens/docs/migration_report.pdf

Migration and social cohesion: Some EU
countries tend to present an “assimilation” pattern,
while others are more “multi-cultural”. It was
suggested that a kind of convergence is taking
place, and that no country has an ideal strategy.24
What lessons can be learned for IST and
IST R&D? As a starting point, it is fair to assume
that the multi-cultural society is here to stay
and migration will continue, irrespective of the
political environment. Some implications and
challenges for IST are therefore:
•

IST can play a role in language training, and
multicultural education.

•

IST may provide tools for translation of
speech and text.

•

IST may provide tools for linking immigrant
communities to their countries of origin,
possibly boosting trade and cultural ties.

•

IST may require adaptation to deal with
cultural speciﬁcities – different languages
and norms, most obviously. There may be
moves to make websites etc. more accessible
to people from different countries, just as
disability discrimination is being addressed.

•

Efforts to deal with social exclusion of
minorities from IST access and training may
be required. There may be demands for more
inclusion within IST R&D and production.

•

IST may be applied directly in order to counter
discrimination, racism, abuse and the like.
Conversely, fears of institutional racism may
limit some IST applications that could be used
to collect data on ethnicity, etc.

2.6. Transport and Mobility
There has been a considerable increase in
practically all vehicular trafﬁc, both for short-
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and long-distance trips, over recent years.
Some experts regard the demand for travel as
insatiable. Some IST protagonists, however, have
argued that there could well be substitution of
much travel by telecommunications, thereby
“decoupling” transport from economic growth.
Environmentalists have called for this decoupling,
to be accomplished by IST or by policy
interventions such as pricing and taxation.
The primary reason for intervention is that
the increase in vehicular trafﬁc causes serious
environmental problems. Polluting emissions,
depletion of resources, the impact of roadbuilding, and air and sea ports are some examples.
Thus attention has been focused on “sustainable
mobility”, without which it will be very difﬁcult
to meet targets for greenhouse gas emissions.
Options to limit overall transport demand and to
encourage less problematic modes of transport
have been discussed.
Other problems associated with increased
land trafﬁc are congestion and safety. Congestion
reﬂects the imbalance between demand for
road facilities and their supply. It is associated
with local chemical and noise pollution, and
is also a considerable waste of travellers’ time.
Safety is another concern, as transport-related
accidents are a major cause of death and injury.
Difﬁcult driving conditions, including congestion
and other causes of delay, are major sources of
stress. Insensitive road-building and the general
increase in trafﬁc impinge severely on social and
recreational amenities, such as streets which can
become unsafe for children to play in.
Numerous EU projects have addressed future
scenarios and research needs related to these
concerns.25 The solution to the mobility dilemma
is complicated and should include reforms in
regulation, taxation and transport markets. IST
can contribute to long-term and daily transport
and trafﬁc planning, the physical operation
of automotive transport and the informational

The paper favours multi-culturalism in education as a way to improve the attitudes of children and migrant parents.
e.g. http://europa.eu.int/comm/transport/extra/mobil.pdf on sustainable mobility. POSSUM project on policy options and
scenarios at www.feweb.vu.nl/re/STELLA/FocusGroup4/Helsinki/Presentaties/BanisterSTead.ppt#2
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of long-time inhabitants, though there are many
notable exceptions.
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operation of all types of mobility; dealing with
emergencies and meeting emergency transport
needs (e.g. evacuation) as well as routine ones.
In relation to personal land transport, some
applications of “advanced transport telematics”
include:
•

•

Demand management technologies and
associated strategies for transport planners
and managers to control the use of road
space and access, and provide and price
parking.
Travel and trafﬁc information systems
technologies and associated systems for
capturing and making available such data
(including route guidance, etc.) for those
planning or making trips, as well as for
planners.

•

Integrated urban and inter-urban trafﬁc
management systems: trafﬁc network control,
route guidance, travel and trafﬁc information,
parking
management,
emergency
management and environmental control
systems, ways of protecting vulnerable road
users, etc.

•

Driver
assistance
and
co-operative
driving systems to assist the driver and to
communicate between the vehicles, with
appropriate and effective human-machine
interfaces, etc.

•

Public
transport
management
and
information systems and technologies that
would give priority to public transport.

Though the emphasis above is largely on
private cars and to a lesser extent public transport,
many of the same sorts of IST application could
be used for pedestrian and bicycle/motorcycle
trafﬁc. Here, IST could play an important role
in the operation and diffusion of vehicles that
pollute less, and facilitate the extension of car
hire and pooling practices.
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The above option focuses on demand
management by decreasing the supply or
increasing the cost of transport opportunities.
Another option is to reduce the need to travel
by using communications as a substitute for
movement. This has largely been discussed in
relation to telecommuting, and to some extent
in relation to tele-shopping. In both cases,
however, doubts have been expressed as to the
efﬁcacy of the strategy without complementary
measures.26 The substitution of leisure travel by
communication appears less viable.

2.7. Learning and Education
The importance of education and learning
in the knowledge society reﬂects both economic
imperatives (the future prosperity of the EU
depends on its innovative use of knowledge)
and social and democratic ones (individual
empowerment). Economic concerns particularly
focus on shortages of speciﬁc technical skills, not
least IST-related ones – both high-level and more
mundane. Many argue that as skills are becoming
obsolete more rapidly, workers need to be
retrained more frequently. There are suggestions
that education may be becoming the EU’s “largest
industry”. This applies, however, mainly to formal
education. Lifelong learning has become a policy
goal, and this involves providing wide access
to learning opportunities of various kinds. Both
formal and informal forms of education can
happen after formal qualiﬁcations; and learning
-in a broader sense- can also happen in many
circumstances. Traditional industrial training
(in-house on-the-job, experience-based) may
be supported by commercial, state and industry
provision, and even voluntary initiatives – all
of which may make use of IST. The need to set
standards, ‘certifying’ providers, and making
attainments and credits transparent will arise.27
IST can play many roles in formal education by:

Telecommuting could mean more commuters in the countryside and longer trips to shops and social venues – though this
could still relieve rush hour and urban congestion. Teleshopping - unless carried out with effective logistics and planning - can
mean large vehicles with paid drivers, inefﬁciently substituting for smaller cars and unpaid drivers.
See reports from the IPTS Futures project at http://futures.jrc.es/menupage-b.htm especially James P. Gavigan, Mathias Ottitsch and Sami
Mahroum Knowledge and Learning: Towards a Learning Europe and David Mercer The Future of Education in Europe until 2010.

Helping design and deliver elements of the
curriculum in new ways – ranging from
enhanced classroom presentations through
to online education.

•

Allowing for new modes of learning,
such as the use of simulations and virtual
experiments, remote control of distant
facilities,
“immersive”
virtual
reality
experiences.

•

Allowing for new forms of interaction among
groups of educators and learners, using e-mail
and videoconferencing to share experiences
and participate in joint activities.

Adult and Community Learning (ACL) is
debated heatedly. The term ACL was coined
by the National Learning Networks (NLN)28
back in 2003. It does not just describe a sector
(distinguished from further and higher education
sectors and from workplace training) since some
educational establishments, for example, do
provide ACL. ACL can describe speciﬁc types of
learning programme (e.g. those delivered by local
authorities and/or voluntary sector organisations,
those which are non-accredited adult education,
those following particular informal and ﬂexible
approaches to adult learning, and so on). The
NLN indicates that the main characteristic of ACL
that distinguishes it from other adult learning is
diversity (including diversity of locations at which
it is provided, diversity of sources of funding, and
of types of instructional material and experience).
It can be, but need not be, of vocational relevance.
It may be information society awareness raising
courses, about everyday ﬁnancial and health
management, parenting, active citizenship,
community renewal, and so on. It is largely
directed at the socially excluded (and sometimes
SMEs), but it also has functions relevant to people
dealing with life transitions of all sorts.
Community learning is fostered by demands
from communities, as well as from policy
initiatives for life-long learning, information

28

society awareness, active citizenship, and the
like. It is probable that such demands and
initiatives will increase, though it is uncertain
precisely which content areas will be prioritised,
which social groups will be most targeted (or
demanding), which providers will be involved
(public, private and voluntary organisations all
have roles), and what technological support
will be used. At the same time, it is likely that
there will be growth in demand for devices and
services that support various sorts of community
learning. These will range from support to
conventional instruction (e.g. presentation aids)
through online learning systems, to new types of
learning environment such as (possibly) virtual
reality and video conferencing facilities. There
will be particular demands associated with:
•

Excluded groups;

•

Trainers and content developers themselves;

•

Monitoring and evaluating the process and
outcomes of interventions.

It is widely believed that IST has a substantial role
to play in:
•

Supporting trainers in development of and
access to material, best practice guidelines,
professional support;

•

Providing learners with ﬂexible open and
distance learning resources tailored to their
requirements, and giving access to relevant
learning communities;

•

Providing tools that empower learners in
many areas of activity. This makes IST a
learning topic in its own right.
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•

2.8. Social Welfare / Public Services
The public sector is a huge consumer of
economic resources across the EU. The bulk of
the resources provide the infrastructure, human
resources, and other conditions for economic
activity. The EU15’s public expenditure in 2001

“Adult and Community Learning Information and Learning Technology Strategy” (2003). www.aclearn.net/leadership/strategy/
nln-acl-strategy.pdf
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was over 44% of GDP, considerably higher than
that of Japan (37%) or the US (30%). EU public
sector employment was also correspondingly
larger at 18% of all employment (US 15%, Japan
8%). There is increasing pressure to limit public
expenditure. At the same time, there is criticism in
many Member States about the quality of public
services. They are not seen as coping with new
challenges adequately, and even the effectiveness
of delivery of “mainstream” traditional services
like basic health and education is under attack.
Whether these criticisms are fully justiﬁed is
the subject of broad debate, especially since
many indicators appear to show improvements.
Performance Improvement is thus seen as a
priority by many governments, and this has at
least three elements: efﬁciency, effectiveness, and
governance.
Increased efﬁciency could reduce costs and
bureaucracy, and release major resources into
frontline services, allowing frontline professionals
to focus more on the needs of clients. Given the
high volumes of expenditure, even proportionally
small efﬁciency savings could free up considerable
sums for service improvement. For example, the
UK government’s Efﬁciency Review considers
that efﬁciency gains can be achieved in:

34

•

Procurement of goods and services from
third parties;

•

Back ofﬁce functions such as HR, ﬁnance,
ICT, and estate management;

•

Transactional services such as payment of
beneﬁts and collection of tax revenues;

•

Policy, funding and regulation of devolved
public services;

•

Private funding and regulation

•

Productive time of frontline staff that devote
time to servicing the organisation rather than
their clients.

IST has long been seen as vital to efﬁciency
improvements. However, many public sector
IST programmes have encountered signiﬁcant
problems – cost and time overruns, failure to
meet speciﬁcations, etc. The scale of public sector

organisations also poses particular problems. It is
likely that there will continue to be substantial
pressure to ﬁnd better ways of applying IST here.
Efﬁciency savings may encounter limits imposed
by privacy and data protection rules.
Effectiveness includes better delivery of
existing services (e.g. timelier and higher quality
delivery, better supporting information and
availability of choice to citizens, etc.). Often this
can be facilitated through the use of IST, though it
is no panacea for shortages of staff and funding.
Additionally, effectiveness can involve
the provision of new services. These may be
technological or service innovations such as new
medical treatments, new educational modules
or wide-ranging conceptual innovations such as
entirely new types of welfare service. It is likely
that the nature of our complex, rapidly changing,
and ageing society (beset by issues such as
integration, security, and risk perception) will
increase demands for service improvement and
innovation.
IST can be applied to the innovation process
itself, for example, in innovation management,
diffusion or assessment. The considerable private
sector interest in new tools for innovation
management will probably also arise in the
public sector.
IST is also employed within innovations.
Many of these innovations concern the
informational components of services to the
public, for instance, e-government, e-learning
and e-health support. Telephone and online
services have mushroomed in recent years, and
much more sophisticated developments are
likely in the future. Health informatics systems
demonstrate how information about patients and
their treatment can be captured and used in the
medical process, and similar approaches can
be adopted elsewhere. Other IST applications
relate to instrumentation (e.g. in medical devices,
testing equipment, robotic surgery, etc.), training
and logistics. There are again many ways in which
public sector IST developments have parallels
with developments in private ﬁrms.

2.9. Government
As discussed in the context of public services,
governments are under pressure to improve
efﬁciency (value for money, timeliness, etc),
effectiveness (quality of services, new services)
and governance (openness, transparency,
participation in decision-making).
New IST can contribute to the goals speciﬁed
above in various ways. Efﬁciency improvements
can be achieved through back-ofﬁce automation,
electronic voting, use of databases for rapid
retrieval of information, etc. Online delivery of
information components of services allows for
efﬁciency gains, and also in some instances for
the development of new services (e.g. new types
of advice). There has been much discussion
of e-government and e-democracy as ways of
improving governance – these ranges from simply
making it easier to access ofﬁcials and ofﬁcial
information, through allowing dialogue with
policymakers, to more elaborate ways of engaging
communities in deliberation and debate about
policy issues and principles.29
Though e-government so far has had fairly
limited objectives, various experiments in more
elaborate undertakings are taking place. There
are also concerns about the ways in which the
digital divide, and access problems for people

with various disabilities, may impinge upon the
use of the new media.

2.10. Security
Threats to individual and social well-being
stem from human actions such as crime, war
and terrorism. Attempts to deal with such threats
by using IST often run into conﬂict with desires
to preserve privacy and civil liberties. These
can be threatened by personal identiﬁcation
techniques (e.g. biometrics, face recognition
systems) and location technologies (e.g. which
determine the whereabouts of a mobile phone),
monitoring public space (CCTV and the like) and
communications trafﬁc (interception/scanning
of emails and telephone calls), inspection (e.g.
alternatives to X-rays as means of detecting
chemicals and devices), and information
processing (large-scale databases on citizens,
immigrants, etc., proﬁling of possible offenders).
Technologies from bioscience, such as DNA
proﬁling, have already become important in
policing, and have allowed crimes, decades
old, to be solved in some cases. However,
technological systems can themselves be used for
criminal purposes, or be the subject of attack.
Crime covers a wide spectrum, as
indicated by just some of the recent instances of
cybercrime:
•

Blackmail of Internet-based ﬁrms by
threatening their websites with Denial of
Service attacks;

•

Various forms of online credit card fraud and
“ﬁshing” for individual ﬁnancial data;30

•

Use of messaging systems by paedophiles
and others to recruit victims; use of websites
to distribute pornography concerning child
abuse, etc.

•

Illicit trade in conﬁdential information from
police and medical databases;
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As regards governance, public services
are under pressure to be more accountable
and transparent, and to allow for greater
citizen participation in policy formation and
implementation. Additionally, there are pressures
in some countries to involve private ﬁrms and
voluntary organisations in public services.
The challenges of freedom of information, edemocracy, and dialogue between service
providers and clients could create demand for
more IST applications in public services.
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For an interesting discussion of e-government and democracy see Roland Clift, “eGovernment and Democracy: representation
and citizen engagement in the Information Age” http://www.publicus.net/articles/cliftegovdemocracy.pdf
A recent US case involves use of “key-logging” software to capture information being input in conﬁdence into corporate PCs.
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•

Hackers and viruses damaging the operations
of critical computer facilities;

•

Crimes associated with the “theft” or “piracy”
of electronic property (especially music and
ﬁlm recordings, and software, where there is
widespread copying and resale through the
Internet, as well as via CDROM and DVDs).

New technology is widely used by police
and other law enforcement agencies, though
these often report problems in keeping abreast of
high-tech crime. Examples range from databases
and decision support systems (for recording and
helping to solve crimes and for restricting access
by certain types of offender to certain types of
positions of power) to equipment for testing for
drug use and systems for monitoring offenders
(e.g. electronic tagging).
We also anticipate further IST use by
individual citizens, for instance in the form of
emergency alarms (portable as well as householdbased), remote observation of children when they
are out of the home, and improved advice and
counselling services of various kinds.31
The importance of terrorism has grown on the
political agenda and in public awareness since
the events of 11th September 2001 and the Madrid
bombing (11th March 2004). However, terrorism
of one form or another has been experienced
within Europe (e.g. Northern Ireland, the Basque
region) and elsewhere for some time. This reminds
us that alongside the current Islamic terrorism,
there are threats associated with separatist
movements. In addition, there may be risks from

political extremists of various sorts and spillovers
from conﬂicts in other parts of the world, cult-like
groups and more inchoate individuals as in the
US high-school massacres. The original deﬁnition
of terrorism refers to actions designed to threaten
and intimidate ordinary members of the public on
a large scale, rather than those aimed mainly at
military, economic, or state targets. Several recent
attacks are of this type, and are designed to create
large-scale death and destruction. Notably, they
do not need to depend on weapons – they can
turn the everyday tools of the industrial society
(such as aircraft) back on itself. In addition to
immediate fatalities, injuries and disruption, the
resulting atmosphere of fear and distress can
prejudice the well-being of millions of innocent
citizens, undermine political and economic
stability, and provide ammunition for those
seeking to stir up ethnic and cultural conﬂict.
While conventional crime detection methods may
be important in the identiﬁcation of terrorists, the
main methods for reducing terrorism will have to
involve intelligence.
War between states may have been reduced
by the formation of the EU, but events such as
the Falklands War and the Balkan conﬂicts of
recent years, show that European countries can
be involved in violent conﬂict. Even without
weapons of mass destruction, war inﬂicts severe
damage on civilian populations, and preventing
war and limiting its spread has to be a policy
priority. Methods of conﬂict resolution and
dialogue across cultures may have signiﬁcant
roles here.
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A useful website on the future of crime is at http://www.futurestudies.co.uk/projects/futureofcrime.shtml

The closer an Information Society moves
towards a Knowledge Society, the human factor
becomes more critical as “knowledge largely
rests in people”.32 People’s knowledge is the
key to improving productivity, create new jobs
and promote economic growth. In particular,
the IST sector is expected to impact positively
on job creation in the European Union, ﬁrstly
through the demand it engenders for IST skills,
and secondly by improving the productivity of
European corporations. The so-called European
Employment Strategy has set speciﬁc guidelines
which aim to boost workforce supply to meet
the demand for IST-skilled labour. This strategy
is supposed to enable the European Union to
regain the conditions for full employment and to
strengthen social and regional cohesion by 2010.
At a more general level, the share of tertiary level
graduates from ‘science and technology’ ﬁelds
varies across Europe.33
This chapter is organized around a number
of issues that are identiﬁed as most critical for the
future of the IST workforce in Europe, which are
discussed below.

3.1. Skills Shortages and Skills Mismatch
in ICT
From the mid 1990s up until 2000/2001,
one trend characterized labour markets globally
- a strong demand for scarce IST skills. Since
the collapse of the technology stock markets in
2001, the trend seems to have been reversed.
There has been more news on unemployed IST
workforce than on skills shortages in the IST
sector. Nevertheless, the slowdown of the last
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two years in the IST sector is viewed by many
as merely a part of market restructuring rather
than a long term trend. As the IST sector matures,
important structural changes that ultimately
impact on the IST labour market are to be
expected. For instance, market consolidation
might imply bigger employers in the labour
market, potentially more layoffs in the shortterm, further market specialization, and more
international outsourcing. Furthermore, as ﬁrms
grow, the type of skills they require changes
too, especially as they move up the value chain.
Market and technology will require different
skill-sets, and will inevitably generate new ‘skills
challenges’. These challenges, such as ‘skills
deﬁciencies’ or ‘skills gaps,’ will not result from
ﬁrms or governments failing to invest in skills,
but from an industry systemic change. A ‘skills
mismatch’ in the labour market will often result
in the paradoxical situation where there is both
IST unemployment and IST skills shortage.
Right after the ‘technology meltdown’, IDC,
a market research company specialized in the
IST sector, expected the shortage of ICT skills in
Europe to increase at a compound annual growth
rate (CAGR) of 8% between 2000 and 2005. The
study found that these shortages surface in the
labour market despite the high-tech industry’s
recent downturn. The demand continues to grow
for ICT skills centred on the Internet working
environment. The main drivers for this demand are
the growing importance of Internet technology,
telecommunications devices, and infrastructure, as
well as the increasing use of Internet technology as
a foundation for business processes. The ICT skills
shortage was estimated at 10-12%.

By knowledge, we include the knowledge associated with user skills, the ability to make use of IST as well as the scientiﬁc
and technological knowledge (that manifests itself in the number of researchers, the number of patents resulting from European
laboratory inventions or the number of students educated at European universities)
The share of tertiary level graduates ranges from 4 per 1,000 young people in Hungary, Malta and Romania to 23 per 1,000
in Ireland. The share of tertiary level graduates has doubled in Spain and Portugal (since 1993), in Austria (since 1994), and in
Malta (since 1999) and has increased considerably in Italy, Sweden, Estonia, Lithuania and Poland. In Denmark and Hungary
the share has decreased. In other countries this share has remained fairly stable.
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At that time, many said that current skills
shortages in Europe would become more acute
unless society took urgent action. How big the
real skills shortage will be in the future is still
a highly disputed question, but feedback from
FISTERA workshop information and other sources
indicate the following trends as characterising
emerging needs in the labour market:
•

There is a shift from very specialized
technological expertise to broader skills.
While there is still demand for specialized
ICT skills, more and more ﬁrms require skills
that combine different areas of technical
expertise. Increasingly, ﬁrms ask for
personnel who combine technical expertise
with an understanding of the IST market, the
business acumen on which products have
market potential, and customer-relations (i.e.
communication) skills.

•

Need for more Flexibility. Changing sets
of activities and the changing relationship
between ﬁrms mean that new skill-sets
are necessary. The components of these
skill-sets may have existed separately
within the industry in the past, but training
that reconﬁgures these skill-sets cannot
be easily bought off the shelf from the
education system. The speed with which the
environment is changing has implications for
ﬁrms and individuals. Individuals need to be
ﬂexible and open to continuous learning and
organisation structures and cultures need to
be ﬂexible and responsive to facilitate this
learning.

and basic ICT literacy, known as digital literacy.34
The main elements driving the demand for such
skills are the growing importance of Internet
technology, telecommunications devices and
infrastructure and the increasing use of these
technologies to re-engineer business processes
and to raise productivity.
There are various routes for skills acquisition
and skills upgrade, as indicated in Figure 8. All
routes should be considered in order to make
more efﬁcient use of the existing workforce.
Instead of focusing exclusively on actions that
reduce demand and/or increase supply of a
speciﬁc workforce, the addition of continuous
learning can serve as a tool for skills regeneration
within at least part of the existing workforce. This
is particularly important for IST. The workforce
needs to continuously receive on-the-job
training for new IST skills, as evidence suggests
that the average half-life for technical knowledge
is 3-5 years and that complete obsolescence sets
in after 6-10 years. The workforce is therefore
encouraged to be more proactive than reactive
as regards lifelong learning, self-training, elearning and other continuous training delivery
methods.

Figure 8: Ways of acquiring skill
Exhibit 1

How skills are acquired
Formal
education

Work
experience

Skill
development

3.2. Life-long Learning
The continuous growth of IST industries and
services and the further diffusion of these new
technologies throughout many other business
sectors are generating new skills requirements.
These range from professional skills to user skills

Natural
abilities

Training (on the job
or external)
Other
(e.g. self- training,
non-formal learning)
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See the report by eEurope Go Digital, 2002 entitled “eBuisiness and ICT skills in Europe: Benchmarking Member State Policy
Initiatives”

not easily found in the labour market.

market is contracting, employers are less likely to
turn to underrepresented groups such as women
and immigrants to meet skills shortages.37
Despite the overall increase in the number of
women entering higher education in the EU,38 it is
not reﬂected in the number entering engineering
or technology disciplines and in some countries
the proportion is even declining.39 Students in
‘mathematics, science and computing’ are also
predominantly men (61 %). In this ﬁeld, only Italy
and Poland have a majority of female students.
Nevertheless, ﬁndings from the RISESI
project suggest that there is a close relationship
between total growth of the ICT sector (as a factor
inﬂuencing the demand for labour) and the rate of
expansion in women’s employment. From 1992
to 1999, the average annual percentage growth
of ICT employment for women roughly paralleled
the growth for all ICT workers. This means female
participation is also affected by the forces of
demand.

The demand for IST skills will inﬂuence the
extent of diversity and changes in employment
levels for currently less prominent communities
such as immigrants, ethnic citizens and women.

Immigrants and Ethnic Minorities. Ethnic
minorities have historically been perceived as a
source of less skilled workers, yet increasingly this
perception is changing. A number of government
schemes have been introduced in various member
states (mainly Scandinavia, Netherlands, and the
UK) to encourage the participation of immigrants
and members of ethnic minorities in the IST
labour force.

Female Workers. Countries where ICT
employment is growing fastest may have
the greatest need for women or immigrantbackground workers because they may have
to turn to previously ignored sources of labour
supply.36 In reversed conditions, i.e. where the

The introduction of fast-track work permits
for IT workers from overseas in many EU
countries has also led to the increase in the
numbers and participation rate of members of
ethnic minorities in the ICT workforce. These new
skilled immigrants often enter qualiﬁed niches

3.3. Accessing Potential Labour
Reserve

35
36
37
38
39

European Commission, Directorate-General for Employment July 2002.
See, for example the study on The Regional Impact of the Information Society on Employment and Integration. www.risesi.org.
In Sweden for instance the ICT crisis facing national ICT champion Ericsson forced diversity programs and initiatives linked
to the creation of jobs for immigrant background workers disappear. On the other hand, the country’s relatively strong gender
policies have continued to make gender diversity a concern for Swedish companies even after the ICT crisis
Women became majority participants in tertiary education in most EU countries in the 1990s. In some countries, in 1999/2000,
the number of women exceeds that of men by 25 % or more. This is the case in Denmark, Italy, Portugal, Sweden, Iceland,
Norway, and in most of the new members (exceptions are the Czech Republic, Hungary, Malta, Romania and Slovakia).
IST skills gap – for example those between men and women, employed and unemployed, high and low income groups – has
grown in absolute terms since 2001.
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Continuous learning also has the potential
of ensuring the adaptability of the skills sets
of the workforce to changing demands, thus
creating a more versatile and ﬂexible workforce.
This can be very useful in accommodating
ﬂuctuations in demand for ICT goods and
services and, consequently, for the type of skills
needed. For instance, a report on Employment
in Europe, 200235 estimated layoffs in the
telecommunications and ICT industry between
May 2001 and July 2002 at around 250,000. The
report also found the rate of unemployment of ICT
professionals in the ICT sector to be increasing,
whilst the demand from user industries is also
increasing. This displacement suggests a growing
skills gap between the needs of user businesses
(business skills allied with ICT experience) and
the available labour pool (ICT sector skills). This
further suggests that there is a need to develop
more on-job continuous learning and training
programmes to ensure a ﬂexible workforce
equipped with the business-related skills that are
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of qualiﬁed experts on the cutting edge areas
of science to other countries, either in Europe
(for the accession countries) or elsewhere (e.g.
Germany, the UK). One of the reasons for this
threatened “brain drain” is a shortage of students
in the ﬁeld world-wide, and so education for IST
professions is an item high on the agenda of the
foresight studies. Yet, worries about brain drain
do not always stem from an immediate urgency
as was the case in the late 1990s, but rather from
the greater worry about population shrinkage
over the next few decades. The European Union’s
share of global economic output is set to almost
halve by 2050 as its workforce shrinks.

tied to technical support jobs where language and
knowledge of local culture (useful for marketing
and customer interface) is less important.40
However, the participation of ethnic groups
is also inﬂuenced by their participation in higher
education and advanced training institutions.
Countries like the UK, with a relatively high
foreign and immigrant student population tend
to have a greater ethnic participation in the ICT
workforce. Almost all EU countries today have
implemented policies to increase the inﬂow of
foreign students to their universities and institutes
for advanced training.
In 1999, 6.7% of all third cycle level students
in the EU were foreigners. Approximately 2.4%
came from other Member States, 1.7% from Asia
and Oceania, 1.1% from Africa, 1% from other
European Countries, and 0.5% from the Americas.
France had a larger number of non-EU students
than other large EU countries such as Germany
and the UK. The latter had a larger proportion of
foreign students from Asia/Oceania. Italy, Finland,
and Spain have lower inﬂows of foreign students
in comparison.41

In some countries, notably the accession
countries, but also Germany, there was a perceived
danger of emigration of skilled personnel to
other European countries. According to the Third
European S&T Indicators Report, approximately,
50% of the ‘brain gain’ in the Member States
comes from other EU countries. In 2000, 4.1%
of the total number of S&T graduates employed
in the EU 15 were working outside their country
of origin. Figure 9 gives an overview of Europe’s
position on a world-wide scale.
The Third European S&T Indicators Report
gives more details about the intra-EU mobility
of S&T graduates. Germany is the most popular
destination for S&T graduates, especially from

3.4. Brain Drain
Major worries are expressed in several
Foresight studies concerning the danger of loss
Figure 9: Migration between the world regions.42
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European Science Indicators, European Commission, Brussels 2003
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Almost all EEA countries have set up facilitated
procedures for the entry of highly skilled foreign
specialists, especially IT specialists. For example,
the Irish government has initiated fast tracks for
skilled workers in designated sectors (including
IT and biotech) and reduced the administrative
burden of intra-company transfers. Germany has
introduced ‘green’ cards to foster the recruitment
of IT specialists. Hungary had eased the entry of
higher educated foreign citizens by exempting
them from the usual work permission procedures
(this ended in Jan 2000). In Hungary and the
Czech Republic, measures have been considered
to attract scientists, engineers and technologists
from Asian countries to compensate for any
potential losses of their own skilled workforce to
other countries.

3.5. Skills Outsourcing
Firms increasingly perceive outsourcing of
IST activities to specialized service providers
as a useful way of providing immediate IST
and e-business skills and processes that a
company needs with very little investment
of time, money and training. As more and
more of a company’s routine operational
tasks are automated, turning them over to
external providers becomes easier and more
economical. The outsourcing profile appears
to be changing as a consequence of the IT
skills shortage and the increase of e-business.

Beside ‘domestic’ outsourcing within a
country, companies are increasingly relocating
skills intensive activities like programming and
developing to afﬁliates or third-party service
providers outside of their home country. By
2005, 30% of leading European businesses will
include near-shore or offshore in their business
and IT plans. This indicates that offshore
outsourcing is one of the most signiﬁcant shifts
in IT in the short-term.
The most obvious reason for outsourcing is
cost saving. There are indeed large differences
in labour costs within the EU, between old and
new members, and between the EU, the US
and Asian countries. The following chart (Figure
10) shows an index of unit labour cost for EU
member countries, the US, Japan, and other
European and Asian economies. This index
includes both, wages and non-wage labour
costs like social security contributions paid by
employers. Moreover, it also considers the effects
of different annual working hours by calculating
the cost of one hour of labour.
Within the EU15, Denmark and Germany
are well ahead with an index of about 125,
which means that unit labour costs in these
two countries are a 25% higher than the EU15
average. Labour cost for EU15 as a whole is at the
same level as Japan and slightly lower than in the
US. There is a remarkable gap between the EU15
average and some member countries like Greece
and Portugal, and between the EU15 and the new
member countries. Poland, Hungary, Slovakia
and the Czech Republic are well behind South
Korea, Hong Kong and Taiwan.
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Austria, Italy, the UK, Greece and Spain. Irish
graduates tend to move to the UK, British
graduates to the Netherlands, French graduates
to Germany and vice versa, Belgian graduates
to France and vice versa. Taking a closer look
at S&T immigrant numbers, Germany, the UK,
Sweden, Belgium, France and Luxembourg are
net recipients. Germany receives some 59,100
foreign employees, while Luxembourg receives
2,100. The EU countries of origin are primarily
Italy, Spain, Austria, Greece, Ireland, Portugal,
Finland, Denmark, and the Netherlands.
Numbers vary with 31,100 coming from Italy
and only 200 from The Netherlands.

Large differences constitute a major incentive
for reducing production costs, but not the only
one. Countries like the Czech Republic, Poland,
Taiwan, or China not only provide lower labour
costs but also a favourable framework for doing
business. This may include the legal framework,
mobility of capital and the possibility to close
down facilities when necessary. A favourable
framework also includes the demand side, the
opportunity to develop for foreign markets at
location and to be regarded as a local player.
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Index of unit labour cost, EU15=100
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Figure 10: Labour costs in Manufacturing.
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The index is in respect to the EU15 average (100%) for the year 2002, except S-Korea, Singapore, Hong Kong, Thailand, Mexico
(2001). Source: Guger 2004

Some of the countries with relatively low labour
costs have increased aggregate income and
purchasing power very fast in recent years and
are therefore interesting markets for IST.
‘Global sourcing’ is another reason for
outsourcing, whereby target countries for
outsourcing not only provide favourable wages
and business conditions, but also a pool of skills
and talent and a high availability of talents,
which may not exist in the home country of the
outsourcing company.
Finally, enterprises running R&D activities at
locations abroad may also enjoy the advantages
of a 24 hour cycle in development. When the
Indian programmers ﬁnish their work, they pass it
over to their American colleagues who continue.
A 24 hour cycle in development can speed up
the time-to-market considerably.
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Labour costs, a favourable legal framework
for doing business, demand conditions and
the availability of skilled labour account for
most countries’ attractiveness for outsourcing

activities. A.T. Kearney, a consultant, summarizes
these factors in one indicator describing the
attractiveness of an offshore location (see chart
3). A.T Kearney uses three categories, people
skills and availability (business experience,
labour force availability, education and
language),
business
environment
(which
includes infrastructure, cultural adaptability and
economic and political aspects), and ﬁnancial
structure (taxes and costs).
India remains the undisputed offshore
leader, with China and Eastern Europe emerging
as strong contenders. Many other countries are
considering the possibility of providing offshore
IT services. Gartner, a market research company,
said the 10 new countries that have now
joined the European Union will not challenge
India or China in terms of size and number of
IT professionals. However, according to A. T.
Kearney, they already offer a more favourable
business environment, including legal security
and political stability. These countries do have a
part to play in Europe for near-shore outsourcing;
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they have distance, time zone, cultural and
language connections in their favour. Hungary,
the Czech Republic and Poland, for example,
are likely to attract increasing attention from
German companies.
As result of global outsourcing trends,
Gartner43 predicts that up to 25% of traditional
IT jobs in many developed countries today will
be situated in emerging markets by 2010. In
2003, out of 15 one-billion US $ mega-deals
signed, 10 were awarded by Europe-based
enterprises. This represents a major shift for
European companies. In the period 1989 - 2003,
Europe-based organizations had only signed
a total of 14 mega-deals. The trend towards
outsourcing, however, may have natural limits

where ‘localized’ knowledge is needed to offer
services. It seems unlikely, for example that egovernment solutions for a certain region could
be successfully designed and programmed
in India, without knowing local legislation,
customs, etc.
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Figure 11: Offshore location attractiveness.

While the effects on employment in the host
country are clearly positive, the labour market
effects of outsourcing in the source country are
under debate. It seems clear that outsourcing
will result in losses in the short run. In the long
run, however, outsourcing could produce an
employment-enhancing effect in Western Europe
as well, because it raises the overall productivity
of ﬁrms and therefore may stimulate labour
demand for high-skilled labour.

43

43

Gartner presented its analysis of outsourcing trends at its Spring Symposium/ITxpo, Barcelona March 2004
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There are many incentives currently on offer
at European, national and Regional level for
the creation of the Information and Knowledge
Society. In this chapter we will brieﬂy summarize
a number of issues with relevance for IST.

4.1. Europe’s Current IST Capacity
A classical benchmark to measure the national
IST competitiveness is to analyse the number
of patents ﬁled. Patents are the outcome of an
innovation process and are, therefore, expected to
be economically valuable, otherwise companies
would not apply for patents. Therefore, patents
are an indicator of the competitive dimension of
technological change. In addition patent analysis
is one way to identify early trends in emergence
and commercialization. At the same time, we
have to remember that patent analysis may suffer
from a number of limitations. Only a fraction of

patents are commercially exploited, patents can
have different epistemic status (in one country or
industry the whole intellectual property might get
one patent, while in another it might get dozens
of patents for speciﬁc elements) some patents are
about business processes not technologies, the
quality of patents can differ signiﬁcantly, etc.
In spite of these limitations, patent analysis
can give interesting insights for the analysis of
strengths and weaknesses of the European actor
space. A starting point is Europe’s IST knowledge
base relative to other technologies. The share of
IST-relevant patents with a country’s total patents
is presented in Figure 12. Generally speaking,
the EU15 on average and most of the European
member states lag behind the US, Korea and
Japan. However, Finland, Ireland, Sweden and
the Netherlands -often regarded as the leading
IST countries in Europe- are among the nations
with the highest specialisation in IST. Note that

Figure 12: Countries relative IST strength. The chart shows the share of IST-related patents with respect
to all patents ﬁled at the European Patent Ofﬁce in 1999 and classiﬁed by inventor’s country.
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4. The Political
Environment

Source OECD, Patent Database, July 2003.44

44

OECD (2003): ‘Methodology used to calculate Patent Indicators’, http://www1.oecd.org/dsti/sti/stat-ana/stats/cde/patentsindicators.pdf
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Figure 13: Time evolution of the share of IST patents on all EPO patents (inventor’s country) at the
European Patent Ofﬁce, 1985 –1999.
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38% of all IST patents ﬁled at the European
Patent Ofﬁce originate from a EU15 Member
State followed closely by the US with 32%.

from the statements associated with the Lisbon
Objectives. A brief speciﬁcation of each of these
goals has been drawn up as follows:

The picture as it emerges today is a process
that started some time ago and differences can be
detected in the performance of some countries
with respect to others. These are visible when
analysing annual changes in patent data. Figure
13 shows the share of IST patents in total national
patents over a period of 15 years. Larger countries,
like Italy, France, Germany, or Japan show a
stable level of IST specialization. Although time
series of patents in a particular specialisation
patterns may show change as happening only
slowly, this variation is very important. A number
of countries, most notably Sweden and Finland,
considerably increased their specialisation.

Job creation. The Lisbon Objectives aim at

4.2. European Unions Goals
FISTERA’s aim is to indicate how far the
application of new ICTs in each application area
could contribute to a set of policy goals derived

creating more and better jobs. The trend for some
decades has been for overall improvement in
working conditions and a general upgrading of
the skills levels required by jobs. This is despite
the well-known creation of numerous lowpaid, part-time and poor quality jobs in such
sectors as fast food. Technically, job creation is
deﬁned as employment growth contributed by
new or expanding establishments, but since job
destruction (the employment decline contributed
by closing or contracting establishments) could
exceed this, we are really thinking here of net
employment growth, and using “job creation” as
shorthand.
Wealth creation. “Wealth creation” can be
deﬁned more or less narrowly. Narrow deﬁnitions
would restrict it to income generation and capital
accumulation by the private sector. Broader
deﬁnitions encompass the creation of such

Competitiveness.
The
1994
World
Competitiveness Report deﬁned competitiveness
as: “…the ability of a country or a company to,
proportionally, generate more wealth than its
competitors in world markets.” There has been
some debate among economists as to whether
countries or regions can rigorously be described
as competitive, since it is companies that
compete in most service and product markets
– though countries and regions may compete
in other “markets” (e.g. for inward investment).
Other commentators argue that competitive
environments affect the ability of ﬁrms and their
supply chains to offer competitive goods and
services to markets, so that institutional settings
can also be thought to be competitive in this
sense. Certainly, a great deal of attention has
been paid to measuring and diagnosing the root
causes of competitive deﬁcits, and establishing
and implementing policies to enhance Europe’s
competitiveness.
Social cohesion. Social cohesion can be
understood in many ways, but within the EU the
focus tends to be on regional inequalities and
related phenomena. The main concerns are with
the potential for growing disparities in terms of
income, employment, population concentration,
and the like.
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Social inclusion. Social inclusion is the
inverse of social exclusion – by which is meant
the limitation of ability to participate fully in
society due to poverty, discriminatory practices,
or other factors (disability, unemployment, etc.)
Social inclusion refers to the integration into
society and amassing social capital.
Sustainable Development. The Brundtland
Commission deﬁned sustainable development
as “development that meets the needs of the
present without compromising the ability of
future generations to meet their own needs.”
Currently, the major concern (and controversy)
is the issue of anthropogenic climate change.
This is determined by the extent of greenhouse
gas emissions, which affect temperature, storms,
sea level, cloud cover and the like. More local
environmental problems are usually experienced
as decreased quality of life through pollution,
noise, etc. However, pollution and resource
depletion can have larger-scale impacts, as
Chernobyl and the forest ﬁres in South Asia have
clearly demonstrated.
Sustainable development is also a major
concern for EU Member States. As a result, several
have required their foresight studies to address
this as an underlying issue. IST can play a variety
of roles in this respect, e.g. monitoring, control of
cleaner production, optimisation of resource use,
environmental management etc., but it can also
have a negative impact, e.g. through waste from
obsolete technology.
The political environment is inﬂuenced by
a number of long- and short-term factors that
may directly, or indirectly, affect R&D policy.
One key factor is the integration of markets, i.e.
globalization. This effect is not new, but recently
we have witnessed an acceleration of the
process. Countries like the US, the dynamic Asian
economies and emerging competitive powers,45
together with the big multinational ﬁrms, have
started to reposition themselves. Globalization

By 2040, the aggregated gross national product of Brazil, Russia, India and China is supposed to the G6 countries
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assets as physical and human capital (and even
more intangible assets), and include the creation
of such assets by public sector and voluntary
organisations. In the context of EU deliberations,
the tendency seems to be to emphasise the
narrower deﬁnition. This is because of the
perception that Europe suffers something of a
deﬁcit in entrepreneurship as compared to global
competitors, and that it is the income generated
by the private sector that forms the ﬁnancial basis
for the activities of the public sector. A statistical
equivalent of this narrow deﬁnition is where a
company’s value added is taken to be revenue
from sales, less the cost of bought-in materials,
components and services.
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is already a fact in ﬁnancial transactions and
in the long run national concerns like security,
ageing, health, environment, energy, transport
or urbanization, will increasingly become global
challenges, affecting many - if not all - countries.
These challenges should be transformed into
opportunities for Europe. By facing them
earlier, Europe would have the opportunity to
accumulate experience and expertise in the
ﬁelds concerned.
The EU25 has a number of advantages,
but it must overcome many challenges ﬁrst.
One of the challenges arises from the different
speeds in which Member States move towards
the Knowledge Society.46 An EU wide solution
should not be paced by the weakest regions.
This challenge, however, is a consequence of a
basic underlying problem - namely, the diverging
socio-economic trajectories within the 25 EU
Member States. By the end of the next decade,
the European Union may consist of more than
30 countries. There is a danger that reduced
economic growth, relatively high unemployment
and institutional inertia will act as barriers to the
rapid, uniform deﬁnition of a European model of
social welfare, which is the basis for a functioning
knowledge society.
Society demands that governments base their
policy decisions on evidence of future impacts
and good use of public money. Excessive caution,
however, is counterproductive, as it could reduce
the opportunities that arise from long-term or
high-risk/high impact research. In the long run,
this may also threaten Europe’s ability to keep
up with the pace of scientiﬁc and technological
change. The speed of change in ICT research and
deployment is already impressive. A similar pattern
may appear in upcoming technological work on
the convergence of ICT with nanotechnology,
biotechnology and cognitive sciences.

4.3. Foresight Studies in the EU Member
States
The national foresight studies from
eight European Countries, which involved a
considerable number of high level ICT experts,
were a source of information for the selection
of technologies. Generally speaking, national
foresight exercises are meant to identify visions,
and particular strengths, and weaknesses that
may result in useful recommendations for the
particular country concerned. Extracting best
practice for Europe from national experience is
not a simple matter. On the one hand, looking
for commonalities in national foresight exercises
leads to a limited number of intuitive concepts
(“lowest common denominator effect”). On
the other hand, important national speciﬁcities
leading to a national competitive advantage in
ICT cannot be simply extrapolated or aggregated
at European level.
From the eight national foresight studies
FISTERA analysed, some noteworthy points
emerge with respect to the technologies and
their trajectories. Firstly, national foresight reports
contain little on emerging key technologies or
technology trajectories. Secondly, most of the
studies limit themselves to identifying subjects
worthy of support at the national level only.
Thirdly, the scenarios resulting from the process
are often not particularly technology-speciﬁc,
but do provide justiﬁcation for the support of
projects contributing to progress in key areas
of technology, such as artiﬁcial intelligence.
To sum up, national foresight exercises do not
generally cover the whole chain from technology
assessment to assessment of technology’s impact
on society and offer limited value for conclusions
on the EU as a whole.
The national foresight studies have been
cross-checked for the presence or absence
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There are big discrepancies between across countries and also between regions making up a country. The Scandinavian
countries, the Netherlands and Ireland are well advanced towards the knowledge-based economy with a lot of dynamism and
innovation at regional level and in city-regions. See for example “A Three Tier Strategy for Successful European Countries in the
Nineties” by Karl Aiginger, WIFO Working Papers, No. 205, July 2003

The ‘parochial’ nature of national foresight
studies is shown when events in other European
countries are ignored. Other foresight studies
may also be ignored. Generally speaking, the
European dimension is largely under exposed.
This is particularly odd for IST, where it is
recognised that the challenges posed by a global
market are very hard for individual countries to
tackle. The formation of alliances, as a solution
to the problem, appears not to be restricted
to European alliances, and there is interest in

attracting the existing global players, often not
located within the EU. A European R&D strategy
should support the creation of European alliances
to challenge dominant global players in particular
ICT ﬁelds.
The fact that national SWOT analyses are
not usually done systematically and the European
context is insufﬁciently considered hampers
the deﬁnition of promising ICT ﬁelds. National
SWOT analyses can provide some, but not all, the
information needed to formulate hypotheses for a
European analysis. An EU-wide SWOT analysis
could be a solution. It could be based upon a
uniform exercise, such as the French “Technologie
Clés” exercise, across all EU countries. This
would include assessments of the relative
positions of each country and Europe on a global
scale for individual technologies or applications.
Such an EU-wide exercise would certainly offer
useful insights. The risk with such an ambitious
undertaking, however, is its complexity and cost.

Figure 14: National Foresight vs. Technology Trajectories.
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of the FISTERA Technology Trajectories (see
paragraph 5.1). Although, the depth and purpose
of individual national foresight studies vary
signiﬁcantly, some common patterns seem
to emerge. While technologies that improve
communications, increase bandwidth, or
introduce or improve human-machine interfaces,
stand out in most of the studies, this is not the
case for other trajectories such as ‘data capture’
or ‘information retrieval’.

Data capturing

Pin-pointing
Info retrieval
SE

Communications
AT, CZ, D, F, HU
Eight national foresight reports have been scanned with respect to the technology trajectories as deﬁned in paragraph 5.1). A high
number of citations is generally an indicator for consensus on promising ICT domains, but this may be distorted by the ‘Zeitgeist’
problem (i.e. the extrapolation that what is ‘hot’ today will remain so in the future).
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Another possible EU-wide foresight exercise
would be to explore applications of “cutting
edge” technologies within predetermined timeframes. Although this could offer new information,
the drawback is that studies of this type face
fundamental design problems. The “Collingridge
Dilemma” is an example, where there the lack
of precise information on potential, promising
applications etc. at early stages of development
means that there is a lack of alternatives and
options for genuine decision-making at the later
stages.
In any case, any potential EU-wide exercise
should build upon best practice in national
foresight exercises, and include novel techniques
for forecasting. In this respect, the Swedish
foresight study introduced a very interesting
concept – that of “technology hindsight” where
technologies, which have so far failed to fulﬁl
their early promise, are investigated. This concept
could be extended to look for common patterns
with ICT technologies where success was not
predicted, the most recent examples being the
Internet and GSM mobile telephony.
So far, national foresight exercises have
not included adequate methods that allow
stakeholders to determine which key technologies
will play an important role in the mid- to longterm future. An innovative approach is the British
“Young Foresight” that has a speciﬁc toolbox
for targeted audiences. For example, pupils are
provided with educational videos on unfamiliar
technologies and their possible applications. If
successful, similar approaches could be adapted
for other target groups and employed in foresightlike studies.

4.4. Commission Programmes

50

European
Commission
research
and
technology development programmes are
structured around four year Framework
Programmes (FPs). The FP’s research priorities
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reﬂect EU policies. It was not until FP2 (19871991) that FPs started to be seen as an important
means of creating a European RTD policy. In
1989, a review of the Second FP concluded that
there should be a stronger focus on promoting
basic research skills and infrastructures. FP3
(1990-1994) regrouped activities around three
strategic areas with 15 separate programmes.
It stressed the aim of convergence among the
regions and a new programme was inserted on
human capital and mobility.47
FP4 (1994-1998) raised the European RTD
budget to 11,879 M€. It put over a quarter of the
resources into research related to Information
and Communications Technologies (27.8% of its
budget). There were three speciﬁc programmes:
•

Information Technologies (ESPRIT) – budget:
2,084 M€ (15.8%)

•

Advanced Communications Technologies
and Services (ACTS) – budget: 671 M€
(5.1%)

•

Telematics Applications – budget: 913 M€
(6.9 %)

FP5 was structured around socio-economic
problems. “Key actions” were established
to deliver research results contributing to
the solution of these problems. Here, the
IST programme bundled all information and
communication technology efforts into striving
towards a European “Information Society”, as
opposed to the American model of “information
highways”. FP6 (2002 to 2006) was conceived
as a tool for achieving the “European Research
Area” (ERA). It has three main three pillars “integrating”, “structuring” and “strengthening
the foundations” of the ERA - and introduces new
funding mechanisms (see Figure 15).
The IST programme in FP6 is constructed
around the “Ambient Intelligence Vision”. This
human-centred approach aims to offer every
European Citizen anywhere and anytime, any
service, technology or application. The IST

Adapted from Deborah Sessano (2002). Charities and the European Research Area, SPRU – Science and Technology Policy
Research, University of Sussex, Brighton, UK, p. 10-13

the whole budget was devoted to thematic or
technical topics, such as energy, environment,
transport, ICT, life sciences or industrial
technologies. A tendency has developed, over
time, to complement the technical priorities
with a number of cross-cutting or structural
programmes,
such
as
socio-economics,
international cooperation or training. This
explains partially why the ICT share of the budget
has been diminishing since FP2.48 If we analyse
the technical priorities alone, life sciences have
had a notable increase, while ICTs have – in the
best case - only been able to maintain their share.
Although ICT had its largest share of the budget
in FP2, the largest budget was in FP6. The reason
is that FP budgets have constantly increased from
one FP to the next.

The European Commission’s scientiﬁc and
technological priorities result from the evaluation
of past activities and emerging new trends and
the consultation of actors and decision-makers
in the ﬁeld. Over the years, a number of EU
research “macro-priorities” have been identiﬁed.
Their relative weight has changed over successive
framework programmes, as can be seen in
Figure 16. In 1984, when FPs began, practically

Figure 15: Structure of the 6th Framework Programme for Research (2002-2006)
INTEGRATING EUROPEAN RESEARCH
ANTICIPATING S/T NEEDS

Research for policy
support
Citizens and governance in the
knowledge society

Sustainable development and global change
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programme is FP6’s largest thematic priority (see
Table 2). It is also priority within the pillar called
“Anticipating scientiﬁc and technological needs”
and receives additional funds from other pillars,
i.e. “Research infrastructures” and “Structuring
the European Research Area”. The latter offers
ﬁnancial support to research networks, like Géant
and Grid.

Specific SME activities
Specific international cooperation activities

JRC activities

STRENGTHENING THE
FOUNDATIONS OF ERA

STRUCTURING THE ERA
Research
and
innovation

Human
resources
& mobility

Research
infraestructures

Science
and
society

Coordination
of research
activities

Development
of research/
innovation
policies
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Note that the analysis of the budget share in FP1 may be misleading, if the high budget share of energy is not correctly
interpreted.
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Figure 16: Evolution of the share of macro-priorities over the past six Framework Programmes (FPs).
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The ﬁrst FP started in 1984 and the average duration is four years. Over the past six FPs, technical priorities have been complemented
with an increasing number of horizontal activities which explains why technical priorities have diminished from close to 96% to about
80%. FP budgets have constantly increased, which is why the largest ICT budget was in FP6, although it had its biggest share in FP2.

Over the years, this compromise has
undergone changes and the weight given to
selection criteria for research priorities has varied
- i.e. they may be problem-oriented (“societal
pull”) or technology-oriented (“technology
push”), top-down (issue-driven) or bottom-up
(science-driven), etc.
The IST research programme contributes to
realising European policies for the knowledge
society agreed at several Councils (Lisbon 2000,
Stockholm 2001, and Seville 2002). It aims at a
wider adoption and broader availability of IST
applications and services in the public sector and
all industrial sectors, thus the society as a whole.
ISTs are the key underlying technologies for easier
and more efﬁcient knowledge creation, sharing
and exploitation. Thus, the objectives for IST in FP6
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are to ensure European leadership in a number of
generic and applied technologies that will increase
innovation and competitiveness in European
businesses to the beneﬁt of all European citizens.
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FP6 is guided by the “Ambient Intelligence
(AmI)” vision,49 where the user or smart player
is placed at the centre of future developments.
The focus is on technologies in which
computers and networks will be integrated into
the everyday environment, making a multitude
of services and applications accessible through
easy-to-use human interfaces. Figure 17 gives
some examples of how the AmI vision translates
into research topics.
Realising the AmI vision requires research
efforts that, on the one hand, addresses the
major societal and economic challenges - (a),
and on the other hand, ensures the co-evolution
of technologies and their applications - (b). With
respect to the former (a), the main challenges are
enhancing “trust and conﬁdence” so as to improve
dependability of technologies, infrastructures and
applications. Issues range from security, privacy
and protection of property and individual rights, to
enabling the solution of complex technical systems

ISTAG reports on Ambient Intelligence, http://www.cordis.lu/ist/istag-reports.htm

1. Integrating and Strengthening the European Research Area
Genomics

2255 M€
3625 M€
(includes 100 M€ for Geant /Grid)

Information Society Technologies
Nanotechnologies, Materials and Processes

1300 M€

Aeronautics and space

1075 M€

Food quality and safety

685 M€

Sustainable development

2120 M€

Citizens and governance

220 M€

Anticipation of S&T needs
- Anticipating needs

555 M€

- Small and Medium Enterprises

430 M€

- International Cooperation

315 M€

2. Strengthening ERA foundations

320 M€

3. Structuring ERA
Research and Innovation

290 M€
1580 M€

Human resources

655M€
(includes 200 M€ for IST Geant/Grid)

Research Infrastructures
Science/Society

80 M€

4. Joint Research Centre

760 M€

Total

16270 M€
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Table 2: 6th Framework Programme Budget

Figure 17: IST evolution – the vision
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+ new materials
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Table 3: IST budget by Strategic Research Objective.
Strategic Objectives, Future and Emerging
Technologies and Research Networks

Pre-allocated Budget
M€

%

685

49.6%

Pushing the limits of CMOS, preparing for post-CMOS

75

5.4%

Micro and nano systems

85

6.2%

Broadband for all

60

4.3%

Mobile and wireless systems beyond 3G

90

6.5%

Towards a global dependability and security framework

55

4.0%

Multimodal Interfaces

65

4.7%

Semantic-based knowledge systems

55

4.0%

Advanced displays

25

1.8%

Optical, opto-electronic, photonic functional components

45

3.3%

Technology Building Blocks

Embedded systems

50

3.6%

Open development platforms for software and services

55

4.0%

Cognitive systems

25

1.8%

555

40.2%

Networked audio-visual systems and home platforms

60

4.3%

Networked businesses and governments

75

5.4%

E Safety of road and air transport

65

4.7%

eHealth

70

5.1%

Technology-enhanced learning and access to cultural heritage

65

4.7%

Applications and Services for the Mobile User and worker

60

4.3%

Cross-media content for leisure and entertainment

55

4.0%

GRID-based Systems for solving complex problems

45

3.3%

Improving Risk management

30

2.2%

eInclusion

30

2.2%

100

7.2%

* proactive

60

4.3%

* open

40

2.9%

Research Networking test-beds

25

1.8%

General accompanying actions

16

1.2%

1381

100.0%

Applications and Services

Future and Emerging Technologies

Total

The table above indicates the pre-allocated budget for the ﬁrst two calls for proposals by strategic research domain (both published in
2003). Note that the actual funding may differ as only 80% of the budget was pre-allocated.50
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in science, society, industry and businesses. Here,
the development and deployment of computing
and knowledge management resources across
Europe is the key to strengthening social cohesion
by providing efﬁcient, intelligent and easy to
use systems for health, transport, inclusion, risk
management, environment, learning and cultural
50

heritage and also to enabling sustainable growth
and improving the competitiveness of both large
and small businesses, as well as the efﬁciency and
transparency of governments. This includes the
development of mobile eCommerce and business
and eWork processes and will provide more and
better jobs.

Source IST work programme (www.cordis.lu/ist/workprogramme/fp6_workprogramme.htm) and own calculations

4.5. Member States Activities
Data from Eurostat and the OECD reveal the
expected differences in terms of Gross Domestic
Product (GDP), Gross Domestic Expenditure
on Research and Development (GERD), and
Government budget appropriation on R&D
(GBAORD). The latter two are indicators for
spending on research and development. The
relatively equal purchasing power per capita in
the current EU countries is, perhaps, surprising.
It is also interesting that the GERD in Sweden is
high and relatively high in the Czech Republic.
Looking at some IST-speciﬁc indicators like ICT
market value, the relatively high ratio of the two
accession countries is worth highlighting, as is
Spain’s relatively weak position. Sweden and the
United Kingdom are the leaders in terms of ICT
market value. Surprisingly, Germany and Ireland
are both below the EU average, despite Ireland’s
reputation as the “Celtic tiger” and Germany’s
standing as an export-oriented economy.
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Not unexpectedly, the two new Member
States have lower Internet access penetration
rates than the EU 15 countries, and France and
Spain are also below the EU average. Sweden, in
keeping with its claim to be the most “e-ready”
society in the world, is the European leader in
terms of home and business Internet access.
The weight of the IT sector in the national
economy and the rate of the population’s access to
IT services will determine ICT national strategies.
Even if a country no longer possesses a strong IT
industry of its own, the application of IT is usually
essential to preserve the global competitiveness
of its industry.
Given the great variety of cultures in
Europe, there is a push to adapt IT applications
and services to the needs of local users, as
regards language, or the predominant forms of
organisation and division of labour. There is also
a market for the development or adaptation of
software meeting regional needs.
Generally speaking, European polices and
issues are not systematically taken into account in
national and regional foresight studies.51 In view of
the many challenges and opportunities for Europe
that lie ahead, this ﬁnding is disturbing. In the
case of IST, the important issues are: achievement
of economies of scale in the internal market,
synergies and critical mass of research expertise
through co-operation in the ﬁeld of emerging
technologies in view of ERA, the societal change
towards a knowledge-based society and its
employment effects, the emergence of European
electronic B2C and B2B markets, interoperable
infrastructures of ICT applications (e.g. mobile
services, payment services), common security,
privacy and data protection challenges, required
common approaches to regulation, standards,
and quality control.
The newer Member States, Hungary and the
Czech Republic, were deeply concerned about
the impact of European Union membership

European aspects are usually present in a fragmented rather than systematic way. The French approach is the most systematic,
referring to “Technologies Clés”, but even here the comparison is only made between French and European competitive
positions with respect to key technologies.
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The technology challenges can be grouped
in three major blocks. The ﬁrst is to push the
limits of miniaturisation of microelectronic
components
and
micro-systems,
while
minimizing cost. This also includes the
exploration of alternative materials. The second
is to develop mobile, wireless, optical and
broadband communication infrastructures. This
includes software and computing technologies
that are reliable, pervasive, and interoperable
and can be adapted to accommodate new
applications and services. Thirdly, there is a
need for user friendly interfaces which are
intuitive, can interpret our speech, vision and
touch and that understand our gestures and
various languages. The division into underlying
technology options and applications can be seen
in the 23 IST Strategic Objectives, which are
complemented by emerging technology options
and test beds for research networks, see Table 3.
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Table 4: ICT indicators by country
Country

(Internet-TLDAbbreviation)

AT

CZ

DE

ES

FR

IR

HU

SE

UK

3,884.2

10,179.0

8,909.1

60,113.9

Inhabitants
in 1,000
on1.1.2002a

379,600.7 8,140.0

GDP at current
prices and
exchange rates
in Million Euro
2001b

8,827,065 211,857

63,300

2,071,200 651.641 1,463,722 114,479

57,900

234,162 1,588,320

GDP per Capita
in PPS 2001c

23.200,0 26,300.0

13,289

24,100.0 19,100.0 23,600.0 27,500.0

11,840

23,100.0

23,200.0

10,269.7 82,431.0 40,409,3 59,344.0

GERD as a
percentage of
GDP 2001c

1.94

1.86

1.33
(2000)

2.52

0.97

2.13
(2000)

1.2

0.8
(2000)

3.8

1.86

GBAe

0.77

0.66

n.a.

0.82

0,69

0.99

0.33

n.a.

0.88

0.69

609,098

14,549

4,964

137,069

36,612

97,094

6,239

4,541

22,623

131,919

ICT market value
as a percentage
of GDP 2001g

6,90

6,87

7,84

6,62

5,62

6,63

5,45

7,86

9,66

8,31

Percentage of
households who
have Internet
access at home
2002h

40.4

49.1

11 (2001)

43.7

29.5

35.5

47.9

-

64.2

45.0

Percentage of
enterprises who
have Internet
access 2002i

79.46

84.95

-

83.92

82.56

58 (2001)

83.2

-

95.21

72

ICT market
value, Million
Euro, 2001f

56

EU-15

Sources and notes
a) Eurostat: Die europäische Bevölkerung im Jahr 2001. Pressemitteilung Nr. 95/2002, 7.8.2002, p. 3. Population in 1,000 on
1.1.2002.
b, c) For the EU member states: Barcellan, R.: Das Bruttoinlandsprodukt 2001. In: Eurostat, Statistik kurz gefasst, Wirtschaft und
Finanzen, Thema 2, 53/2002, S. 3; for the accession countries: Pasanen, J.: Quarterly accounts. Second quarter 2002. The
GDP of the Candidate Countries. In: Eurostat, Statistics in Focus, Economy and Finance, Theme 2, 59/2002, S. 3
(http://europa.eu.int/comm/eurostat/Public/datashop/print- product/EN?catalogue=Eurostat&product=KS-NJ-02-059-__-NEN&mode=download).
d) Gross Domestic Expenditure on Research and Development. Eurostat: Allgemeine Statistik, Innovation und Forschung, GERD
in Prozent des BIP, last update 14.1.2003, Version 2.00 (http://europa.eu.int/comm/eurostat/Public/datashop/print-product/DE
?catalogue=Eurostat&product=1-ir021-DE&mode=download ). Figures for Ireland and Sweden from: OECD: OECD Science,
Technology and Industry Outlook. Highlights. Paris 2002, S. 2 (http://www.oecd.org/pdf/M00035000/M00035341.pdf).
e) Government budget appropriation on R & D. Source: Laaﬁa, I.: Staatliche Aufwendungen für FuE im Jahre 2001. Statistik
kurz gefasst, Wissenschaft und Technologie, Thema 9, 5/2002. No ﬁgures for accession countries.
f)
EITO: European Information Technology Observatory 2002. Frankfurt: EITO, S. 401 ff.
g) Own calculations from the columns “ICT market value, Million Euro, 2001” and “GDP at current prices and exchange rates
in Million Euro 2001”.
h) Eurostat: Percentage of households who have Internet access at home. Last updated: 14-01-2003 - Version 2.00 (http://europa.
eu.int/comm/eurostat/Public/datashop/print-product/EN?catalogue=Eurostat&product=1-ir031-EN&mode=download).

A number of science and technology related
challenges are seen as too large for a single

country to take on. Such cases are sometimes
identiﬁed as an area for European cooperation,
e.g. GRID computing in the UK programme.
A further European dimension is that
of markets. Domestic markets are no longer
seen as sufﬁcient to achieve and maintain a
country’s status as a global player, and thus the
“domestic” market is now seen as that of the
European Union (cf. the Swedish study, which
identiﬁes a domestic European market for ITrelated services).
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on their economies and society in general.
The Hungarian foresight programme actually
discusses different scenarios dependent on
the country’s ability to come to terms with
the new challenges posed by European and
international integration. A related aspect is
the use of foresight to attempt to determine the
future role of the country in European science,
technology and engineering and consequently
to identify niches for its industry, building on
the results of research strengths.
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This chapter summarizes the analysis of 10
key technologies, as deﬁned in Chapter 1, and
their future trends (further technologies will be
studied in the future). These technologies have
been selected on the basis of the considerable
impact FISTERA predicts they will have on the
Information Society. They already make up a
signiﬁcant part of all ICT and their applications
may signiﬁcantly affect our daily lives.

5.1. Technology Trajectories
The ﬁrst set of 10 technology trajectories
is made up of: Bandwidth, Communications,
Data Capturing, Human Interfacing, Information
Display, Information Retrieval, Pin-pointing,
Printing, Processing, and Storage.

Bandwidth
Here, ‘bandwidth’ is taken to mean the
transmission capacity at access level, and not
network capacity on backbones. Fibre capacity
is likely to continue to grow and will reach
hundreds of Tbps in the next decade. Progress
in both optical, optoelectronics and electronics
will contribute to this growth in capacity. For
services in the home, connections at speeds close
to 100 Mbps will probably satisfy 99% of needs
well beyond 2020. However, research into ways
of increasing bandwidth is likely to continue in
order to satisfy very speciﬁc needs (holographic
projection, GRID support in scientiﬁc – medical
– security environment). This research will trickle
down to the level of general infrastructures and
applications. The main actors are in Korea, Japan,
USA, and Europe - probably in that order, if one
considers the deployment situation. The quest
for higher broadband capacity will be steered
by the potential market demand for access to
it. This will be more important in Europe and
the USA than in Korea or Japan. The success of
broadband, particularly in Korea, and to a lesser

extent in Japan, was achieved through signiﬁcant
government intervention. This could stimulate
thoughts on alternative ways to proceed in
Europe.
Copper-based technologies (xDSL) will
progress in speed, reaching a plateau by the end
of this decade in the range of a few hundred
Mbps. For new installations, the shift towards
ﬁbre is inevitable, motivated by cost factors rather
than increased speed. For older installations,
ﬁbre-based technologies could provide extreme
bandwidth, but the higher cost makes this
proposition viable only in a few environments
(business connectivity).
Irrespective of Wireless Local Loop
technologies, WiFi-based services, will become
more and more widespread throughout Europe in
homes and in those areas where there is a high
demand for data connectivity. The total coverage
will be insigniﬁcant compared to that offered by
GSM or 3G, even into the next decade. However,
the volume of trafﬁc carried by these networks
may be quite signiﬁcant. UWB will provide very
high bandwidth in small areas, and its major
advantage is low power consumption. Research
in this area is important for Europe since it will
enable several applications, including sensor
networks. The advent of Software Radio by the
end of this decade may blur the borders between
several technologies that can enable a single
terminal to use whatever wireless network is
available in a particular area.
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GRID structures will be the solution for
speciﬁc applications, with no impact on the
general market. Research in this area will have
mainly scientiﬁc value.
Mirroring technologies are likely to grow
in importance, allowing service, content and
network providers to ensure that users perceive
high bandwidth without the need to actually
transport information across the network. The
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issue of managing large quantities of data through
optimised architecture is an important one and
Europe should not be left behind. This issue has
implications that will be fundamental for the ecitizen.

problem through inter-terminal communication,
may lead to a thousand fold increase in wireless
bandwidth which, in turn, will lead to a radical
change in the communication scenario.

The quest for ever more bandwidth will
continue. By the end of this decade, most local
loops will carry data at several Mbps and by the
end of the next decade the bandwidth provided
is likely to exceed demand in most cases (with
offers of bandwidth in the Gbps range – demand,
however, will probably stabilise in the hundreds
of Mbps). In terms of perception, users will
continue to measure bandwidth in terms of
response time and this may be more dependent
on the global architecture than on the channel
speed. Local storage of information may greatly
improve response time. For this, a local user
proﬁle would be established in order to improve
the users’ perception of broadband. By the end
of this decade, mobile devices will have multiple
interconnections and be able to download large
amounts of information. WiFi and UWB will offer
‘data-follow-me’ functions, able to upload onto
the device information as required. For example,
a tourist would load only the video clips relevant
to a particular stage of a city tour, rather than all
the clips at the start. As he moves from place to
place, he enters a different connection gateway
range (a picocell) and can upload information
appropriate to that place.

in Wire based transmission. By the end of this
decade, most European long distance networks
will be using ﬁbre. Architectures are likely to
further develop into mesh networks, possibly by
the end of the next decade, and the distinction
between long distance and metropolitan networks
will fade away. Wider use of IP over ﬁbre is also
likely, in line with the identiﬁed architectural
evolution. This will require the development
of a number of enabling technologies by the
main actors in the USA, Japan and Europe.
Short-term research is probably not needed, but
research on basic components that pave the way
towards full optical networks in the next decade
is very important. Wireless based transmission
will progressively see an increased mixture
of technologies. The dissemination of ad-hoc
wireless networks with micro nodes is expected
to have a signiﬁcant effect over the next decade.
There is a risk that the USA will accelerate in
this ﬁeld in the coming years, leaving Europe
behind. Research efforts in the many technologies
enabling wireless communication evolution
are therefore essential. Although, paradoxically,
there seems to be a trend towards both micro and
macro-switching at the same time, it appears that
there is a shift bringing the network responsibility
for path determination into terminals. This is an
area where basic research is required, although it
may not guarantee a breakthrough.

Communications
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Signiﬁcant steps forward are expected over
the next ten years in the connectivity among
ambients and the personalization of connectivity.
Each environment will adapt communication
to the local situation – i.e. the availability of
terminals, their characteristics, local processing
and storage capacity, and the inhabitants’ needs
and habits. Intra ambient communication is likely
to evolve in the direction of local management and
local communication capacity. Beyond 2015, the
emergence of wireless routers, ad hoc networks
and possibly the resolution of the interference

Optical ﬁbre will be used more and more

Communications will undergo some big
changes in the coming 15 years. The widespread
use of sensors will multiply the number of
telecommunications users by more than one
order of magnitude. The trafﬁc generated (in terms
of bytes) may not be heavy, but it will be huge
in terms of the number of transactions. Network
trafﬁc will increase signiﬁcantly due to the
diffusion of video communications, entertainment
and monitoring services. Network backbones
should be able to cope with this trafﬁc, using

Spectrum is likely to remain a scarce resource
well into the next decade. It may be possible to
overcome interference problems (a result of the
limited capacity a single terminal to separate
electromagnetic signals, rather than the medium
itself) through using cooperating terminals.
This would require better batteries, intelligent
antennas and more processing power. The latter
is not considered to be a major bottleneck. This
solution would cause a change in the market
leading to signiﬁcant repositioning of today’s
actors and bringing new ones to the fore.
Network ‘intelligence’ would continue to
shift towards the edges of the network and into the
terminals (both devices and micro networks, like
WPAN). The network would therefore shift from
‘controlling resources’ towards understanding
needs, i.e. it would become a kind of ‘cognitive
network’.

Data Capturing
In this area, several technologies are
converging to produce smaller, cheaper,
and
simpler
electronics,
bioelectronics,
nano-technologies,
MEMS,
communication
technologies, fabrication processes (allowing
analogue, digital and RF circuits to mix together
on a single chip). This evolution has been
accelerated by recent concerns about security
threats.
In the next decade, sensors will be embedded
in most objects “at production”. These will be
able to form autonomous networks to reach a
communication gateway. This development will
push autonomous network technology beyond ad
hoc networks, with a knock-on effect on the wider

public communication sector. The availability of
a variety of sensors will increase the availability
of data, leading to increased efforts to address the
information retrieval issue.
Technologies that can capture standing or
moving 2D and 3D images of objects will make
signiﬁcant advances over the next few years.
Most progress may be expected in capturing
images of moving objects, separate from their
environments. This will become feasible in the
second part of this decade, reaching maturity
in the next. Recognition of voice timbres for
identiﬁcation (security) is already possible in
controlled environments and by the end of the
decade it will become possible in non controlled
ones. A lot of effort in this area will be prompted
by security concerns, particularly in the USA.
Tag reading technologies will increase their
capabilities. The readers are likely to integrate a
ﬁltering functionality allowing them to select one
relevant tag out of hundreds. This feature will
become very important. Research is largely in the
area of microelectronics, radio propagation and
software (proﬁling) and the main actors are in
the USA, with Europe and Japan lagging (slightly)
behind. Again, the pressure posed by security
concerns will speed up innovation in this area and
in Bio-identiﬁcation technologies. Technologies
that can capture meaning or emotions will evolve
signiﬁcantly over the next decade and will be
used in a variety of applications.
Technologies for scalar parameter capture
have evolved signiﬁcantly. Their evolution in the
future will allow sensors to be placed everywhere
and in every day objects. Furthermore, by the
end of the decade, most chips will include
a communication component for wireless
transmission of information. Because of lower
costs, applications using software radio will
emerge in the second part of the next decade.
These will allow the reprogramming of sensors
according to need. Battery evolution (which
has been a challenge for some time) will play a
signiﬁcant role in this technology trajectory in
many application areas. In this decade, Vector
parameter capture technologies are likely to
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ﬁbre infrastructure supporting over 100 Tbps
(that already exists or may be installed in the
future). By the end of this decade, metropolitan
area networks will shift towards Gigabit Ethernet,
which will change the topology from rings to
mesh networks. The copper in the loop will be
largely substituted by ﬁbre and - in certain areas
- by wireless (wireless transmission may even be
channelled on ﬁbre like UWB.)
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follow a similar evolution pattern as the scalar
ones will later. Bio-sensing technologies will
detect data from biological systems, the human
body being high in the interest ranking. They
will become more accurate, easier to “integrate”
with bio parts (e.g. in the human body), and
have better processing capacity, which will
make sensors able to interact with the sensed
environment. Sensor network technologies will
evolve signiﬁcantly in coming years, and the ﬁrst
autonomous (mesh) sensors networks should
be available by the end of this decade. Then
technologies like ‘smart dust’ should follow,
reducing the cost of creating these networks and
making them much more ﬂexible.
In this decade and those to come, this
progress will continue and devices will be
available which continuously acquire data from
the environment, creating digital copies of almost
everything. Data capture functionality will be
able to:
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•

detect environmental parameters (both
scalar - e.g. temperature, and vector - e.g.
the direction of a landslide),

•

identify objects (tagging will be more and
more widespread - from 2008 it is likely to
replace bar codes on products),

•

capture moving images and tag them
(a proliferation of video cameras for
surveillance purposes will allow whole
cities to be monitored. The capability to
understand images will grow, reaching full
understanding probably in the last part of the
next decade),

•

capture sounds and their meaning.

The challenge is to capture better
information in terms of comprehensiveness,
speed, variety, cost, and make more sense out
of what is being captured. This last may lead to
ﬁne tuning the capturing process to intercept
subtle phenomena. This is possibly one of the
biggest advances expected in the next decade
in the trend towards responsive and intelligent
environments.

Human-Machine Interfaces
Haptic
interfaces,
3D
information
visualization, touch pads embedded in a variety
of objects, and gesture capturing are but some of
the technologies that will allow new interfacing
paradigms as soon as 2008 (with obvious niche
applications coming much sooner).
Signiﬁcant progress may come from
understanding the context and acquiring
the capacity to interpret the “interaction”.
As
communication
depends
more
on
“understanding” and less on formal commands,
new problems will come up and issues like who
is responsible for any misinterpretation are likely
to delay progress. In the next decade, progress is
likely to result from more ﬂuent and responsive
translation, context understanding, integration of
proﬁle information, more languages and accents.
In the USA there is growing interest and
research effort in the cognitive sciences and
this may lead to a fundamental advantage.
Europe is lagging behind, in spite of the projects
funded so far at European level. This is an area
where results would bring signiﬁcant beneﬁts
and have an important impact in Europe, given
the many languages spoken by its citizens.
Interaction design technologies are likely to
provide a signiﬁcant contribution to this area,
steering the creation of objects whose shape
provides direct hints on their working and the
way to work with them. Basic research and
trials are needed to accelerate the creation and
the adoption of an interaction design culture.
Ambient mediated interfacing technologies are
yet to come. They would provide ways to transfer
the interfacing responsibility (management and
actual interaction) to some point or to a collective
endeavour in the environment, thus simplifying
the interaction. Research is needed in this area,
as it is in the other forms of human interfacing
and in the area of intelligent ambients and
cooperating objects. This involves both software
and standardisation. The main actors are in the
USA and East Asia. However, Europe should
be able to play a signiﬁcant role and even gain

Human interface technologies can be split
into two main parts: hardware (such as the video,
or mouse) and applications (such as human voice
recognition). In the next ﬁve years, signiﬁcant
progress is expected in haptic interfaces and
gesture capturing. In the next decade, human
interfacing will become more sophisticated,
reaching a point where it will be possible to talk
to a machine as we do to a human.

Information Display
The trend may be summarised as follows:
better displays in ﬁxed and mobile environments
are likely in the next 5 years. 2D imaging will
dominate for the next 15 years, but the margins
on this commodity will progressively narrow.
New display technologies in the mobile area
will boost services and provide greater margins
to those companies controlling the advanced
technologies. 3D-displays will be conﬁned
to niche markets for the next 5 to 8 years and
become more common in the next decade, when
they will enable new services. (2D-displays may
then become commodities.) For instance, 3Ddisplays will cause disruption in the way we
communicate, thus contributing to a change in
the communication paradigm. Investment in these
is more likely to produce wealth than investment
in 3D technology as such.
In the area of information display, laser
on fog is a novel technology that allows the
projection of 2D images onto thin air, in such a
way that the image looks as though it is ﬂoating
in front of the viewer. Main players for this
technology are in the USA. It is, however, a very
new area and there is still a chance for anyone to
play a major role. This type of display should be
seen more as an innovation in displaying images
than a speciﬁc technology. This highlights the
fact that, in the area of information display, there
are opportunities for innovation where research
investment can have signiﬁcant payback. On
the other hand, investment on existing “semi

consolidated technologies” like LCD, where the
major issues are more related to the production
process than to the product, may be a waste of
money.
In the future, visual displays will evolve more
slowly than other ICT technologies considered
here. The market penetration of display depends
on enhanced resolution of screens, but this will
have little effect on the perceived quality of
mass market applications. For speciﬁc sectors,
however, such as medicine or design this may
be different. Generally speaking, it seems that
the demand for high performance displays in
ﬁxed and mobile applications in all ﬁelds will be
low for the next 5 years, while 3D displays will
be a niche technology up until 2010. They may
become more common in the next decade.

Information Retrieval
The huge quantity of data produced up until
now is likely to double every 2 to 3 years for the
next 20 years. It should be pointed out that what
really doubles is the data and not the information.
The conversion of data into information and
information retrieval are the real challenges for
the coming decades. Technological innovation
is required in order to retrieve information in
whatever form it appears. Today, understanding
of images is still very limited and restricted to
speciﬁc environments. Getting to the roots of these
information retrieval problems and providing
solutions will dramatically boost Information
Society deployment in the future. At the same
time, these solutions are likely to generate
concerns about privacy, information ownership
and protection and huge challenges will arise.
Both the risk of criminality and opportunities for
the citizens’ increased wellbeing will emerge.
Retrieval tools will evolve to take into account
all aspects associated with information, beyond
the information itself. Research projects in
the USA are looking into capturing the whole
context along with the “main” information.
Retrieval tools will evolve to take this associated
context into consideration up to the point, in
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leadership by extending its efforts on intelligent
ambients to this sector.
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the next decade, where the associated context
will become the dominant search criteria. The
main actors, particularly in advanced text search
strategies, are in the USA. Some interesting work
is going on in Europe as well. This is a crucial
area that is likely to open up enormous service
opportunities. Software is obviously the dominant
area of research.
The evolution of video information in
this decade will probably continue to focus
on video tagging in textual form. Tagging will
increasingly use automatically generated tags.
The focus will shift to the automatic identiﬁcation
of the elements, as it will for images in the next
decade. Semantic web technologies, which
may be considered to be an evolution of the
semantic data base concept, provide a further
step in looking at the semantics of information,
and considering its relationship. The effort is
spread worldwide, although the USA probably
has a small advantage. The interest of all parties
in sharing tools for facilitating advanced searches
is a strong motivation for keeping research in
this area in the public domain. Europe should be
careful not to be left behind.
Agent-based retrieval technologies are
software tools that facilitate search. Standardisation
groups are working on the deﬁnition of agents’
interfaces, particularly in the USA, where groundbreaking work is being done. Europe could easily
become a main actor by organising a programme,
focused on agents, for information retrieval. This
could be done by selecting a vertical sector (e.g.
information retrieval for the e-citizen, or for health
care throughout Europe) and using the basic
technologies available and the agent platform
being developed in the international forum.
Personalisation of information technologies
provide the means to ﬁlter, reshape and correlate
information according to the interests of a speciﬁc
person. This will evolve signiﬁcantly over the next
few years, with widespread impact by the end of
this decade. Most of the evolution is provided
by software. The main actors are in the USA,
with Europe following closely in static proﬁling
and the use of mobile devices. The evolution in

dynamic proﬁling, which takes into account the
user’s growing experience, is seen as a major gap
between USA and Europe. European research
should possibly give this area closer attention.
Information retrieval will become a
crucial element for leveraging the future huge
storage capacity and for enabling the use of the
information stored. The challenge until the end of
this decade will be to ﬁnd effective information
retrieval strategies. Information ﬁltering will also
be an essential element in retrieval functionality
in the future. Ideally, information searches should
follow a natural reasoning pattern as to why the
information is being sought, rather than some kind
of identiﬁcation string embedded in or associated
with information. For this, the semantics, i.e. the
meaning of the information is key, and progress
will depend on semantics retrieval. This will
require the evolution and integration of several
technologies.
Similarly, proﬁling - the understanding of a
person’s needs, habits, requirements, and history
- will become more common and will shift from
being a marketing tool to a service application.
This application will be used by everybody in the
next decade for interacting with the environment
and service providers.

Pin-pointing
By the end of the next decade, applications
and services will rely heavily on tagging
technologies (and their supporting infrastructure
like GPS and Galileo) to the extent that people
will take their existence for granted. Tagging
will revolutionize the production process, the
distribution chain and the customer relationship.
By 2010, most products will have a tag. In the
following decade, soft products (like services and
information/content) will also have a tag. Progress
in disciplines at the edge of IST, like medicine
and biology, are likely to provide even greater
opportunities for tagging. Today it is already
possible to “tag” a protein (or a virus). By the end
of the next decade, tracking tagged proteins will
be much easier and this will open the door to a

Printing
Printing will evolve not only in terms of
resolution, but also in diversity. Bio printers will
create both tissues (in this decade) and organs (at
the end of the next decade). Paper printers will
print both text (images) and watermarking (micro
images and tags) to control ownership. Re-write
paper (already available) will be widespread.
The evolution of printing will bring sophisticated
Computer Aided Manufacturing (CAM) into our
living room, in compact packages at a cost
comparable to a laser printer today. Using these
printers, it will become possible to transform
‘bits into atoms’. Printing, in some cases, will
result in both the information and the application
to manipulate that information being printed
on the same e-paper. Technological progress is
expected in the capacity to print 3D objects, as
well as printing with different “inks”, including
biological ones for human tissue printing.
Industrial processes may be revolutionized in
the next decade by construction processes based
on “printing” rather than “moulding”, “pressing”
or “assembling”.
Digital Rights Management is likely to
become part of the “printed” material rather
than being a commitment on the part of the user.
Even a single page of printed text may be able to
interact with a user’s personal area and negotiate
reading rights before actually displaying its
information.
Ink-jet printing is the most widespread
technology on the mass market. In the next
few years, it will reach a threshold of deﬁnition
that exceeds the perceived quality. Some
added functionalities, like water marking and
micro printing to include scanner detectable
information
associated
to
the
printed
information, may evolve. The main actors are
in the USA particularly with the advanced

applications, although both Japan and Europe
are well positioned. Investment in research in
Europe may prove to be fruitful, particularly
in the advanced applications area. Layered
printing is a technology that creates an object
by assembling and gluing micro beads layer on
layer. This type of printing could become faster
and cheaper, use a wider range of materials,
and integrate with robotics. However, even if its
evolution is spectacular, it is unlikely to reach
the mass market in the next decade. At present,
the main actors are in the USA but the ﬁeld is
still open and Europe could have a good chance
of playing a signiﬁcant role. Self assembling is
a set of technologies, deeply entrenched in the
science of materials and nanotechnologies that
result in the creation of objects on a micro scale,
by the self assembly of molecules into basic
structures which in turn assemble into more
complex ones. It is expected that the evolution
of this technology will bring greater assembly
speeds, the capability to build more complex
objects and the integration of self-building with
other construction techniques. A real impact
may be expected in the next decade, e.g. in the
construction of NED screens, nanometer-scale
memories, etc. These technologies are likely to
have a crucial impact in the longer term and
serious effort in this area should be considered.
2D printing technology is a tool for creating
layered tissue, like the skin, quickly. These
technologies are progressing towards higher
productivity (involving the biological growth
of cells in solution broth) and a more precise
structuring of the tissue. For more complicated
tissues, like muscle, these technologies are
not applicable yet. 3D printing goes a step
further and aims to create organised biological
structures. There is a need to create a 3D
structure containing different sub structures,
like, for example, arteries and veins. In the next
decade, it will become possible to print more
complex structures and by the end of the decade
even some organs. The main actors in 2D and
3D printing are in the USA and Europe may
play an important role in the future if research is
adequately funded.
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revolution in healthcare in close synergy with
communications, and more generally, IST. The
main actors for pin-pointing technologies are in
USA but Europe is also in a good position.
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Processing
In spite of a possible decrease in demand,
the drive towards greater processing power will
continue, because of the need to decrease costs.
By 2020, every conceivable object is likely to have
some sort of processing capability embedded.
The question is whether such embedding will
be a commodity that any industry can acquire,
or whether it will become part of the production
process so that the dominance in processing
technology will create a leading edge in the
market. In other words: processing can evolve
in the direction of giving an equal opportunity to
everyone (and every country) to develop products
and services, or in the direction of locking the
market in favour of those who control processing
technology.
For the vast majority of applications,
processing capacity is likely to remain local
(GRID-like architectures will be exceptions) for
the next decade. It will mostly be embedded
in appliances and disappear from the user’s
perception from 2010 onwards. Until recently,
the sale of PCs has been driven by the demand
for increased speed, though today this demand is
slowing down. However, the emergence of digital
video cameras and virtual reality applications
in the entertainment area may maintain the
demand.

Storage
Currently, there is no sign of a slow down in
capacity increase or in price reductions. Capacity
is rapidly reaching a point where it can support
local storage of huge quantities of information,
creating a virtual local “Internet”. In the future,
everything will be potentially recordable,
enabling new services and creating completely
new industry.
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It is interesting to note that the various
storage media show no signs of converging.
Progress in polymer memory is not likely to kill
optical storage; ﬂash card progress is not likely
to kill hard disk evolution. Silicon based memory

will grow in capacity in the order of GBs and
it will be integrated into the processing chip to
increase the speed of the reading cycle. Currently,
American companies have the upper hand,
while Europe lags behind, but there may be an
opportunity for reversing this trend in the growing
area of information appliances and ‘white goods’.
Systems-on-a-Chip (SoC) may make massive use
of read only memories (ROMs) and Europe may
play some role in this development. Another
application area is portable storage for appliances
(Compact Flash and the like). Compact ﬂash
cards will evolve towards (limited) processing
capability, mostly to support communications in
the next 5 years Polymer memory will become
available by the end of this decade and may
become the main distribution media by the
middle of the next decade for encrypted content
where access can be enabled by an appropriate
decrypting algorithm. Terabit content capacity
will be “normal”. This is still an open ﬁeld with
no main actors and Europe could take the lead.
Another area is SIM card evolution, and
Europe and East Asia are particularly interested
in the possible applications. In the next decade,
Optical storage memory will reach Terabit
capacity. Today, the USA and Japan are at the
forefront of this development, followed by Korea.
Europe is lagging far behind in spite of some
important research work (by Philips). The situation
is unlikely to change in this decade, though there
may be breakthroughs. Europe may be able
to have a say if appropriate research is funded.
Non Silicon based nanoscale memories are still
in their infancy although some prototypes have
been developed. Its promise to deliver very highdensity storage is unlikely to be fulﬁlled before
the next decade. The USA and Japan are investing
more than Europe. Though this research is high
risk, it may also create signiﬁcant disruption and
lagging behind would seal off several areas in the
coming two decades.
Within the next decade it is expected that
storage will continue to increase in capacity and
decrease in price. The demand for storage in the
consumer market will be sustained by a variety

Home appliances with 1 Terabit of storage
capacity should be a reality by 2008. By the end
of the next decade, most homes in Europe will
have storage capacity devices in the range of
hundreds of Terabits. There will be a shift from
capacity-driven demand to management-driven
demand (and the information “hidden” inside). In
the business world, this shift will open up new
business opportunities in the next decade. In
spite of expected large improvements to storage
capacity in terms of performance, the capacity
for retrieving information will remain a big
challenge.

5.2. Perception of European Position in
ICT
Table 5 outlines experts’ impressions on
Europe’s position for 84 technologies considered
in the FISTERA study. (For detailed information
on the technologies, see the speciﬁc document
on Technology Trajectories.) Generally speaking,
the experts’ feedback is in line with the literature,
although using bibliometric data (scientiﬁc
articles and patents) for quantitative proof is very
difﬁcult, as there is no common nomenclature
to classify these technologies. Moreover – even
if this were available - bibliometrics would
reﬂect mostly R&D work done in the past. This is
particularly true for industrial activity, as patents
are awarded some time after the actual research.
Despite the possible lack of quantiﬁcation,
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FISTERA considers that a ‘subjective snapshot of
technological strengths’ is a valuable addition to
the R&D decision taking process. It also reﬂects
the psychology of the research community.
There is a wide-spread perception that
Europe is lagging behind in critical ICT and that
urgent measures have to be taken to attain the
Lisbon Objectives. The latest available ﬁgures
(2001) show overall investment in the Union
to be approaching 2% of the GDP. However,
this investment only grows at an average rate
of 4% (1997 – 2002), which would be wholly
insufﬁcient to meet the Lisbon target of 3%
GDP by 2010. This would require an annual
increase of overall R&D expenditure of 8% a
year up to 2010. At the same time, it has to be
underlined that Europe’s position is far from
desperate. This is true for research in general
and for ICT research in particular, as shown
by FISTERA. However, there is an important
difference between ICT and other technology
sectors. The high speed of change in ICT and the
generally shorter societal acceptance cycles,
justify a higher degree of ﬂexibility in ICT R&D
and larger amounts of resources as compared
with other research domains. Therefore, the
structure of FP7 and its instruments, such as the
European Technology Platforms, should allow
for rapid and sustained support in cases where
unpredicted disruptive technologies suddenly
emerge. In this respect, FISTERA pinpoints a
number of possible disruptive technologies in
the ICT domain.
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of appliances (like video cameras and digital
cameras, security systems, and entertainment
systems). By the end of the next decade, business
market estimates indicate an enterprise spending
of 10 m$ in ICT for 2000 PCs, 2 Petabyte of disk
space and an Internet connection of 2 Gbps.
with processing power 10 million fold larger
than today, 200 Exabyte of storage space - that
is, 200 million GB (possibly not hard disk), and
a connection with an aggregated capacity of 200
Exabit per second.52

5.3. National Foresight on Technology
Trajectories and Applications
National
foresight
reports
contain
comparatively little on emerging key technologies,
which might play an important role in the future,
but whose full potential is at present difﬁcult
to assess. They tend to focus instead on clearly
identiﬁed subjects worthy of support.

Estimate from Technology Review, April 2003, Italian Edition – Sguardi Indiscreti
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Table 5: Europe’s perceived R&D capacity world-wide for selected ICT.
Technologies
3D Printers
3D Scanner
3G
Active tags
Affective computing
Agents
Antenna
Avatar
Batteries
Beacons
Bio marker
Bio-electronics
Biometrics
Bio-printers
Bluetooth
Cable TV
Cellphones
Communication Infrastructures
Compiler
CRT
Digital Cameras’ Sensors
Digital cellular base stations
Digital Signal Processing
Digital video recorder
Distributed processing
Distributed Storage
DRAM
e-book reader
e-ink
Flat screen
Galileo
Gaming console
Gesture capturing
GPS (Global Positioning Systems)
Graphic processing
Grid computing
Haptic interfaces
Hard disk
Holography
Home networking
Information Appliances
MEMS
Mesh Networks
Micro Delivery Chip
MicroPiezoelectric
microprocessor
MIDP
Mobile processing
Modems
Molecular computing

EU Status
♦
♦♦ / ♦♦♦
♦♦ / ♦♦♦
♦♦
♦
♦♦
♦♦♦
♦♦
♦♦ / ♦♦♦
♦♦
♦
♦♦
♦♦
♦
♦♦
♦♦
♦♦♦
♦♦
♦
♦♦
♦
♦♦♦
♦♦
♦
♦♦
♦♦
♦
♦♦ / ♦♦♦
♦♦ / ♦♦♦
♦
♦♦♦
♦
♦
♦
♦
♦♦
♦♦
♦
♦
♦♦
♦♦
♦♦
♦
♦
♦♦
♦
♦♦
♦♦♦
♦♦
♦

Leading Countries as Perceived
US
US, Japan / Europe –Italy
Japan and Korea
US
Japan, US
US, Japan
Europe – Italy, France
US
US, Japan, Korea / Europe – The Netherlands, Germany
US
US
US
US
US
US
No speciﬁc leader
Europe – Finland, Germany, France, The Netherlands, Sweden
US
US
No speciﬁc leader (US, The Netherlands, Germany, France, Japan)
US, Japan
Europe, US, Japan
US, Europe – Germany, France
US, Japan, Korea
US
US
Korea, Taiwan
US, Japan / Europe – The Netherlands
US, Japan / Europe – The Netherlands
Korea, Japan
Europe
Japan
US
US
US
US (processing / application Grid) / Europe (Data Grid)
US
US, Japan
US
US
Japan, Europe and US
US
US, Germany
US
US
US, Japan
US
Europe – Finland, Germany, France, Japan, US
US
US

MPEG
Nanotechnology
Notebooks
OLED
Optical Disk
Optical ﬁbre
Optical tags
Optoelectronics
Passive distribution network
Passive tags
PDAs
Personal Computers
Power Line based transmission
Printers
Projection display
Public Key Cryptography
Quantum Computing
Radio connectivity
Read only memory
Rings
Robot
Satellite
Scanner
Semantic Data bases
Sensors
Software
Software Radio
Trunk
UWB
Voice synthesis – recognition
Wetware
WiFi
WPAN
Xdsl

EU Status
♦♦♦
♦
♦
♦
♦♦
♦♦
♦
♦♦
♦♦
♦♦
♦
♦
♦♦
♦ / ♦♦♦
♦
♦♦
♦
♦♦♦
♦
♦♦
♦♦
♦♦
♦
♦♦
♦♦
♦♦
♦♦
♦♦♦
♦♦
♦♦♦
♦
♦♦
♦♦
♦♦

Leading Countries as Perceived
Europe – Italy, Germany, The Netherlands
US, Europe, Japan
US, Japan
Japan
US, Japan
US, Japan
US
US
US
US, China
US
US
Europe
Japan, Korea / Europe – Italy
US, Japan
US
US, Japan
Europe
US
US, Asia
Japan
US
Japan, US
US
US
US
Europe, US, Japan no one is really leading
Europe – France, Germany
US
US, Europe
US
US, Europe, Asia
US
Japan, Korea
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Technologies

One diamond (♦) indicates that Europe’s world-wide role is marginal. Two (♦♦) indicate an average position and three (♦♦♦) that
Europe is leading the respective technology. FISTERA maps these perceptions by collecting feedback from experts at workshops
and feeds this information into FISTERA’s online technology database. As it is difﬁcult to substantiate the experts’ opinion on some
technologies with quantitative data, this table should be understood as a snapshot of today’s perceptions. It does not offer information
on future evolution or on how the position is likely to change.53

Often, the resulting recommendations are
not sufﬁciently documented to determine which
other technologies were considered. In Germany,
the very process employed for the study meant
that other candidate key technologies were
“eliminated”. This was done through an interactive
process before the study “homed in” on scenarios
containing technology thought to be promising as

53

a means of achieving a good position in research.
The scenarios resulting from the process are not
particularly technology-speciﬁc but do provide
evidence for the support of projects contributing
to progress in key areas of technology, such as
artiﬁcial intelligence. However, the main focus
here is on “understanding thought processes” to
improve learning and teaching methods.

For detailed information consult “Key European Technologies” at http://ﬁstera.jrc.es/docs/D2&appendix.pdf and Chapter 5.1
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Established industrial countries, such as
Germany, Sweden and the United Kingdom,
indicate interests in advanced ﬁelds of research,
such as bio-computing, although its potential
impact is difﬁcult to assess. The UK foresight study
describes such technologies as “disrupters”, i.e.
technologies that currently do not seem to offer
many advantages but which have the capability
to change the landscape completely when they
come to fruition. Their ultimate potential may be
huge, although it is difﬁcult to assign timescales
for the application of any of these technologies.
Examples of potential disrupters are molecularcomputing or quantum computation. Numerous
technologies that have not yet fulﬁlled their early
promise, such as optical computing, are also
considered.
Artiﬁcial intelligence (AI) is regarded as a
promising ﬁeld by the Czech study, and by the
German “Futur” study at a more basic level.
The Second UK Foresight Cycle puts no special
emphasis on AI, but it is singled out for attention
(in the shape of “cognitive systems”) in the ﬁrst
round of the Third Cycle.
The Czech Republic, Germany, Sweden
and to some extent France, focus on humanmachine interfaces. The two newer Member
States and Sweden see opportunities in the areas
of computer simulation and modelling, which
exploit these countries’ traditional excellence in
mathematics and physics. Several countries also
see opportunities in the creation of complete
systems, including complex systems located on a
single chip.
Some nanotechnologies (though these are
not information technologies) are considered
as enablers for the Knowledge Society, with
applications in many ﬁelds including ICT. They
are mentioned in most of the national studies.
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Sweden identiﬁes mobile communication as
a mainstay of its economy and is in the process
of setting up an IT university specialising largely
in this ﬁeld. Mobile and radio networking is
also an area targeted by the United Kingdom.

Hungary sees an opportunity to regain its former
strength in the area of communications. In this
case, Hungary’s major asset is the skills and
knowledge of specialists in the ﬁeld, and it would
like to keep them in the country. The foresight
study suggests that foreign investors should be
encouraged to set up research and development
laboratories in Hungary, as a suitable means to
achieve this.
The national foresight studies identify health,
education, transport and government as the main
application areas for IST. The boundaries between
previously separated spheres of daily life, such
as work and leisure, leisure and learning, are
vanishing with “infotainment” emerging as
a separate category at the interface between
information and entertainment. Some countries,
notably the UK, felt that they could capitalise
on their expertise and experience gained in, for
example, computer games.
The Austrian and Swedish foresight studies
emphasise the potential of IST to form new working
relationships, such as “virtual” companies. This
would enhance the competitiveness of the small
and medium-sized companies which dominate
many European economies. In this regard, it
must be remembered that it was predicted that
teleworking would take off more than ﬁfteen years
ago, and it is only now - in times of increasing
globalisation of the economy - that favourable
conditions for mass-scale emergence of telework
may have emerged.
Overall, the major IST application areas
were usually those high on the political
agenda for other reasons, e.g. health care
and applications for older people. Health
insurance and health care systems in many EU
member states are faced with a crisis, in which
IST can offer partial solutions. In addition,
populations in almost all European countries
are ageing, drawing attention to the potential
of IST for helping older people to keep their
independence, and also highlighting the need
to design IST speciﬁcally for older users.

Country

Systems

Software

Existing
Hardware
Technologies

“New generation”

Enabling research

Type of technology

Simulation
software

Austria

Communications
networks

Complex systems on
single chip

Large scale systems

Simulation software

Human-machine
interface

Sensors, actuators

Nano-technologies

Visualisation,
display techniques

Mass memories

Networks

Microsystems

Embedded systems

Computer
simulation

Software agents

Simulation

Modelling

Hungary

Application software,
software engineering
(Spain medium)

Operating systems
(Spain with poor
position)

Spain

Autonomous
systems

Networks;
Convergence of
media; Greater
bandwidth

New methods

Simulation.
Modelling

Human-machine
interface

Molecular
electronics
Mobile telephones
as « mainstay »

ICTs and
biotechnology
converging

Systems science

Sweden

Mobile/radio
networking

Creative industries:
content provision,
design skills,
computer games
Broadbands

Low power devices
Reliable and ﬂexible
software

Data storage/
maintenance

Advanced
visualisation/displays

Powerful portable PC

Grid computing

Optoelectronics

Software engineering

Computer theory

Maths, physics

United Kingdom
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Microsystems

Mobile devices

Intelligent sensors

Energy supply
Information
logistics

Human-machine
interaction

Silicon microelectronics

Photonics

Systemic biology

Intelligent materials and
structures

DNA and quantum
cryptography

Socionics

Germany

Computational
neuroscience

Optoelectronics

France

Materials for semiconductors

Artiﬁcial intelligence

Mathematical and
computer modelling

Czech Republic

Table 6: Key information and communication technologies identiﬁed in National Foresight Studies
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Trafﬁc management and road
pricing;

Simulation and planning software

Use of Internet: tele-working,
virtual pools of companies;

Domotics (smart homes, home
information systems) integrated
propulsion management systems
rated propulsion management
systems

IT for lifelong learning; Selflearning media;

Education databases

Electronic libraries;

Government/ Embedded systems in vehicles;
public
IT for lifelong learning;

Business/
work

Individuals/
home

Communication technology for
ageing; Intelligent support of
body sensory functions;

Information Databases;

Diagnostic/monitoring
technologies for older people;

Transport
telematics

Interactive
information
services;

Health, social
security;
Lifelong
Increasing learning;
Internet use
Health

Use for participation

Education;

Transport;

Sustainable development
indicators;

Health statistics.
Diagnostics;
Environmental
monitoring/modelling

E-commerce

Databases for agriculture;
Content services; Media

Virtual workplaces;

Quality control,
monitoring

Measurement;

Data mining;

Processing and
manufacturing
equipment;

New materials with
information content;

Health care

Content services Media
and entertainment;

Hungary

AI in production;

Use of
Internet

Audio-visual
Video-on(games,
demand;
DVD);
LocationLarge ﬂat
based
dsiplays
services

“Body area
networks”;

Germany

Mechatronics;

Production
automation;

Optimisation of
product design;

Agriculture;

Security

Navigation
systems;

Digital TV;

Table 7: Application Areas of IT in National Foresight Studies
Areas
Austria
Czech Republic France
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Payment
systems;
eCommerce;
IT in
traditional
sectors

eContent

Spain

Transport (trafﬁc
management)

Health care
(professionals);

Swedish “IT
University”
with focus on
telecommunications

Convergence of
work/leisure

Education, learning

Teleworking

Service delivery

Virtual companies

Education/work/
leisure converging

Electronic services

Health care (patient
information)

Sweden

Focus groups

Interactive debates;

Government processes and
decisions;

Virtual methods/processes;

Education- access to
resources;

Home shopping, ﬁnancial
services, better information

Transport: safety; unmanned
vehicles, guidance/monitoring,
high speed networks in trains,
Intelligent maintenance;

Consumer access to GPS;
mobile computing; mobile data

Video games;

Virtual reality;

Health: remote diagnosis,
advice, body monitoring;

Growth of new online cultures;

Balance between home/
workplace;

United Kingdom
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Technology Disruptions

Technological progress, the availability
of enhanced or novel functionalities and the
widespread adoption of new services over a long
time span is likely to create new ways of living
and new perceptions of the values that drive the
development of a culture. In the shorter term, some
mixes of technology, production, distribution and
adoption may disrupt some market segments as
we know them today, opening up opportunities
to new players and changing the competitive
advantage of whole countries. Although it is
almost impossible to predict what will cause a
disruption or when it will happen, it is possible
to outline why a disruption in a given area may
occur. Understanding the “why” is important
from an investment point of view since it can
provide further parameters to evaluate investment
strategies.
Disruptions happen when a new technology
is able to deliver better performance, ideally at a
lower price. Quartz watches were more accurate
and, after a time, cost less than the mechanical
ones. Cog mechanisms disappeared. However,
other factors may also be important. Cathode Ray
Tubes (CRT) screens are currently being displaced
not by displays that provide better images, but
ones that provide a thinner screen. The computer
market has been disrupted by PCs not because
they performed better than mainframe computers,
but because their volume shifted the market focus
onto them. Market volume is what matters and
this is why PDAs and tablet PCs are not going to

create a disruption. This may come from the smart
appliances.
In telecommunications, a disruption may
result from a ﬂattening of network hierarchies.
Electronic switches created a disruption not
because they were more (actually there were
less), but because they reduced the hierarchy.
Again, routers and bridges are disruptive because
they ﬂatten the network hierarchy by shifting
focus and responsibility. A future disruption
may arise from mesh networks, software radio
and autonomous systems. These are pieces of a
puzzle that will allow even ﬂatter networks. The
cognitive network, in a way, is a further step,
which may have an impact in the second part of
the next decade.
The analysis of technology trajectories has
led to the identiﬁcation of nine major disruptions
listed in Table 7. Technologies (both those
involved in production and those actually making
up the product) are getting cheaper and cheaper.
At the same time, access to central management
and distribution centres is becoming easier (and
cheaper as well). This enables the transformation
of products into services. Rather than selling,
hardware companies are moving into providing
hardware at very low cost, or even for free, to run
the services. It is, in a way, the telecommunication
operator’s model. Car manufacturers are also
starting to sell services along with the car.
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5.4

Health care today is structured into services
(doctors, hospitals, etc.) and products (drugs,
prosthetics, etc.). By the end of the next decade

Table 7: Expected Technology Disruptions
Disruptions

From Year

From Products to Services

Already happening; main impact from 2010

Disappearance of the PC

2008-2010

Ubiquitous Seamless Connectivity

2008-2015

Changing Trafﬁc Patters

Already happening, major impact from 2010

Unlimited Bandwidth

2015

Disposable Products

2009

Autonomous Systems

2007

From Content to Packaging

2010

Virtual Infrastructures

2015
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a clear shift towards a service-based health care
will be visible, opening the ﬁeld to a number of
other players.

cost disposable devices may guide the pricing of

Today’s appliances are products, but by
the beginning of the next decade a widespread
connectivity to the network may lead to the rise
of a novel service model paradigm. Technologies
like applets, tiny open software or software radio
are paving the way for this service-based paradigm
to take over from a product-based model.

A communications infrastructure connecting
everything together is very complex and will
force us to abandon the structure of a centralised
entity charged with ensuring appropriate
working and control. Reduced support from a
centralised entity requires architectures that foster
autonomous behaviour (and local adaptation),
based on a perception of the relation with the
local environment. One option is autonomous
systems that mimic decision-making processes in
living organisms. Many of them survive through
their capacity to make local decisions which
affect other local decisions.

By then, most computers will have already
‘disappeared’. For every PC sold, over 100
microprocessors will be embedded in everyday
objects, such as a television remote control, a
wristwatch, or a hotel room lock.
New appliances will have connectivity
and processing capabilities embedded in them.
They will seamlessly interconnect with each
other, making it possible to display information
on the most appropriate device. This could be
a television for a video clip, a personal screen
for “that” particular clip, a cell phone screen
for an e-mail, a Bluetooth enabled earphone for
listening to a music or voice message. Although
connectivity itself may become a commodity,
services requiring connectivity may remain a high
value merchandise. Ubiquitous connectivity for
both people and machines, is likely to increase
signiﬁcantly the breadth of service offered and
will result in a general increase in an area’s
competitiveness.
By the end of the next decade, increased
production efﬁciency, including novel production
methods,54 will increase the number and variety
of disposable products. Disposable products
have an interesting ‘customization’ advantage in
that particular components are designed to ﬁt a
very speciﬁc (narrow) purpose. This simpliﬁes
the interface and shortens the life cycle, thus
speeding up innovation. Additionally, it may cut
the speed of deployment. The availability of low

the whole service, as the hardware cost may be
completely embedded into the service.

Content keeps growing at a staggering pace.
It is estimated that humankind has produced
more content55 in the last 30 years than in all its
previous history and it is expected that content will
continue to double every 3 years. The abundance
of content is displacing the perception of ‘content
value’. In other words, the value will no longer
be content per se, but the way content is put into
context and ‘consumed’. This will happen – for
instance - in the record industry, where different
packaging is disrupting the sale of content, and
in the media industry, where organizations like
the Encyclopaedia Britannica have been forced to
release their content for free. Thus, ‘packaging’ is
going to play a signiﬁcant role in content-related
products and services. Research, like Microsoft’s
“MyLifeBits”, DARPA’s “Life Log” or HP-Kodak’s
“One Shot” may seem remote from this issue
today. However, it may provide novel basic
technologies that could inﬂuence profoundly the
packaging of content and the competitiveness of
a broad range of industries.
The ease of communication, its ubiquitous
availability, and the fading away from user
perception of an intermediary role, will speed
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Both through 3D printers and through new fabrication technologies like electronic spraying of components and self
fabrication.
In science, culture, entertainment, etc.

A stroll in the jungle can be organised by a
local community, but tourists may prefer to get
the narration from the National Geographic.
Companies around the world may create their
own virtual presence and virtual infrastructures
for people to hook onto. Such virtual
infrastructures will prove disruptive to local
(and country wide) business.
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up the evolution of distribution chains. An end
user may be captured by any link in the chain –
the one which has the best grasp of user needs
and is perceived as the most trustworthy. Disney
may, in the next decade, provide entertainment
services from the US to tourists visiting Pompei
or the Bastille, leveraging on the local riches
and using technology to deliver their services.
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